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ection Between 
cientists and Engineers 


American scientists and engineers feel and have for a 
long time felt the need of closer contacts and coopera- 
tion. The American Association for the Advancement 
of Science was intended from its very beginning to es- 
tablish these contacts. It is one of the oldest scientific 
associations in this country; considerably older than 
any one of our engineering societies. During its early 
history it was the only scientific association in which 
scientists and engineers met and discussed the problems 
of pure and applied science. Since the organization of 
the engineering societies engineers began to devote a 
more and more exclusive attention to these specialized 
organizations and less to the national society which is 
devoted to the general interests of science. In order to 
counteract this perfectly natural tendency, an engineer- 
ing section was established in the American Association 
for the Advancement of Science. Through the mem- 
bers of this section the voice of the engineers was heard 
and attentively listened to at the annual meetings of the 
Association. These annual meetings offer a splendid 
opportunity to the scientists and the engineers to ad- 
dress. themselves to the American nation on subjects 
of science and engineering which are of immediate 
interest to our nation. Our nation recognizes that the 
American Association is a truly national organization; 
that explains why among its membership there are many 
who are not professional scientists or engineers. Their 
membership is due to their general interest in American 
science. In this respect the American Association for 
the Advancement of Science resembles very much the 
British Association for the Advancement of Science. 
There is, however, one significant difference between 
them. The British Association, it is believed, receives 
a more enthusiastic support from the British engineers 
than the American Association receives from the 
American engineers. This belief is encouraged by the 
fact that the British scientific weekly, Nature, is more 
widely read among British engineers than the American 
scientific weekly, Science, is read among American 
engineers. These two scientific periodicals are devoted 
to the general interests of science in a similar manner 
as the two national associations, the American and the 
British Association, are devoted to them. From that 
point of view we may say that the two periodicals are 
the mouthpieces of these two Associations. The fact 
that Nature is superior to Science is generally admitted. 
Let us also admit for the sake of argument that the 
average quality of the scientific men who contribute to 
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Nature is superior to the average quality of the scientific 
men who contribute to Science. This admission will not 
entirely explain the superiority of Nature to Science. 
There must be another cause for this superiority. 
Those who have studied this subject carefully are in- 
clined to think that the interest of the American 
engineer in Science is not as lively as that of British 
engineer is in Nature. Hence Nature has a much larger 
number of subscribers than Science has, and, other 
things being equal, the periodical with the larger num- 
ber of subscribers will be superior to that having the 
smaller number of subscribers. 

A short time ago several presidents and secretaries of 
the national engineering societies and prominent 
members of these societies met at a luncheon for the 
purpose of discussing ways and means of stimulating the 
interest of the American engineer in the general aspect 
of science. There was a unanimity of opinion that this 
matter deserves a serious attention of the national 
engineering societies, and that the most direct method 
of doing this is to encourage a closer connection and 
active cooperation between the national engineering 
societies and the American Association for the Advance- 
ment of Science. One of the immediate effects of this 
achievement would be the raising to a higher level of 
Science, the mouthpiece of the American Association for 
the Advancement of Science. There is a crying need 
for a scientific periodical which in its form as well as in 
its substance will be a worthy mouthpiece of American 
science and engineering. We must aim to make it as 
good as Nature, the British scientific periodical which is 
devoted, primarily, to the general interests of British 
science. 

M. I. PUPIN 


Some Leaders 


of the A. I. E. E. 


Henry Gordon Stott, the twentieth president of the In- 
stitute, was born in the year 1866, in the Orkney Islands, 
Scotland. His early education was gained at Watson 
Collegiate, Edinburgh; the College of Science and Arts, 
Glasgow, and the Glasgow and University of Scotland 
Technical College. 

When but eighteen years of age Mr. Stott entered the 
service of an early electric light company in Glasgow, 
later transferring his services to a submarine telegraph 
cable company in the capacity of research and develop- 
ment engineer. In the year 1889, he was appointed 
assistant engineer of the Brush Electrical Engineering 
Company’s electric light plant at Bournemouth, Eng- 
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land; going to Madrid, Spain, a year later, in charge 
of electric light undertakings. 

In the year 1891, Mr. Stott came to the United States 
and entered the service of the Buffalo, N. Y. General 
Electric Company, where he continued until the year 
1901. During these ten years he carried out many 
important electrical installation projects. In 1901 
he accepted the position of superintendent, of motive 
power, of the Interborough Rapid Transit Company, 
New York City, continuing in the service of that com- 
pany and of the New York Railways Company until the 
time of his death in 1917. Mr. Stott was president of 
the A. I. E. E. during the term 1907-8. He was a 
member of many scientific and technical societies, and 
was the author of many published papers dealing with 
various important electrical subjects. 


A. I. E. E.. Life 


Membership 


The attention of the membership of the Institute is 
called to the opportunity to obtain Life Membership 
in accordance with the provisions embodied in an amend- 
ment to the constitution adopted by the membership 
in May 1925. Life Membership may be obtained by a 
member of any grade, by the payment of a single sum 
based upon the annuity rates of lifeinsurance companies, 
and depending upon the age of the member concerned 
and the annual dues of his grade of membership. 

The amount of the single payment to be made is 
definitely stated in the Section 20 of the by-laws, for 
all ages and all grades of membership. Following are 
examples: 


*Associates and 


Age Last Members Fellows 
Birthday (Dues $15 per year) (Dues $20 per year) 
21 $307 .49 
25 298 .56 
30 285.81 a 
35 271.14 $361 .52 
40 254 .54 339.38 
45 236.09 314.78 
50 215.94 287 .92 
60 iy ese ef 229.56 
70 127.79 170.38 


*From the amounts indicated certain deductions will be made for 
Associates during the first six years of membership in that grade, based 
upon dues of $10 for the first six years and $15 thereafter. 


All amounts paid in for Life Memberships are now 
placed in a special fund so administered as to maintain 
a proper reserve at the beginning of each fiscal year 
corresponding to the annuity values for all surviving 
members at their then attained age, the excess above the 
required reserve being transferred to the general fund 
of the Institute each year in lieu of the payment of 
annual dues by Life Members. 

The principal object of Life Membership is to provide 
continuity of association with the Institute and its 


activities during the future, and possibly less produc- 
tive, years. 


NOTES AND COMMENTS 


Journal A. I. E. EB. 
- ve 


More complete information, including the exagh 
amount required to obtain Life Membership by any 
individual member, will be mailed upon application to 
Institute headquarters, New York. 

F. L. HUTCHINSON, 
National Secretary. 


Nineteen years “ 


of the I. E. S. 


Looking backward over the nineteen years of exist- 
ence of the Illuminating Engineering Society, a 
perspective embracing various phases of interest is 
obtained. In the earlier years, the papers presented 
before the society were largely confined to the theoret- 
ical considerations. Out of this early period there 
developed an appreciation of the extent to which 
lighting is influential in the world’s activities. Now 
this is*bearing fruit in the form of many papers of great 
practical interest. Moreover, as lighting men have, 
themselves, become convinced of the great part that 
lighting can perform in the world’s work and in human 
happiness, the desire to educate the consumer has 
greatly increased. It is not surprising, therefore, that at 
the Detroit convention of the Illuminating Engineer- 
ing Society, there was much interest evidenced in 
educational movements and in papers and demonstra- 
tions prepared from the practical points of view. ; 

The lighting specialists of central-station companies 
contributed an interesting session, showing the _in- 
creasing effort toward better lighting that is being 
directed by such organizations. In this particular — 
session, industrial and purely commercial lighting were 
chiefly discussed, and virtually nothing was said of the 
great commercial possibilities of residence lighting. 
Interest in the industrial lighting campaign which is now 
under way was made evident by various papers and 
discussions. A number of fundamental and practical 
papers on lighting for work places provided much of 
value. 

Automobile headlighting and traffic-control systems 
came in for their share of attention. Street lighting 
was well represented on the program. These discus- 
sions reflected the importance of lighting on the streets 
and highways. Another session, lasting half a day, 
was devoted to daylighting and to the mixture of 
artificial and natural light. In fact, the variety of 
foundational scientific papers indicates that the society 
is in a healthy condition and that it is performing a 
function for which it is peculiarly adapted. That is, 
it is aforum, quite free from commercial bias, for the 
presentation of papers and discussions pertaining to the 
production, measurement .and utilization of light. 
All in all, it may be said that utilization received by far 
the most attention. This is the natural consequence 
of the progress in knowledge of light and lighting. 
In the papers presented the central-station companies 
are provided with much data for the foundation of 
lighting revenue.—Electrical World. 


Sleet and Ice Troubles on Transmission Lines 
in New England 


C. R. OLIVER: 


Associate, A. I. E. E. 


Synopsis.—This paper deals with the troubles one of the large 
power companies in New England has encowntered from sleet and 
ice on transmission lines. The experience of this company should 
bring home to the transmission line designer the fact that in certain 
parts of the country sleet is a very serious problem and should be 


taken into account in designing all new transmission lines. It also 
shows the necessity for looking over the existing transmission systems 
with a view to providing some quick and easy method of thawing 
sleet from the lines already constructed. 


* * * * * 


NTIL recent years, New England was not thought 
of as a section of country particularly susceptible 
to sleet; in fact, no serious trouble had been 

experienced by any of the communication or power 
companies before the storms of recent years, and out- 
side of the usual one-half inches of ice and 8-lb. wind 
pressure, no particular attention was given by the 
designing engineer to the possibility of trouble from 
this source, either in the tower or in the conductor. 
Our recent experience has convinced us that there is 
no single tower line in New England built before 1922 
that would stand up under the excessive loads that 
they may be called upon to carry. The only reason 
that any of them are standing today is that they have 
been fortunate enough to escape the sleet. 


THE NEW ENGLAND COMPANY POWER SYSTEM 


In describing the sleet troubles, the author will 
confine himself to those experienced by the New Eng- 
land Company Power System lines, with which he is 
most familiar. 

This system, with its connections, extends from the 
New York State line across the State of Massachusetts 
to Boston, down into Rhode Island to Providence, and 
across to Fall River. In the northern section it 
extends half-way through Vermont, into New Hamp- 
shire and across the State of Connecticut to New 
London and Stafford Springs. Its main trunk lines 
are towers built in 1908 to 1914. Within recent years 
wooden pole lines have been constructed instead of 
tower lines. All of these lines operate at 66,000 volts. 
Last year a new double-circuit tower line was com- 
pleted, 75 miles long across the center of Massachu- 
setts, designed to operate at 110,000 volts. There are 
240 miles of 66,000-volt, double-circuit tower line; 
70 miles of 66,000-volt, double-circuit pole line; 275 
miles of 66,000-volt, single-circuit, pole line; 75 miles 
of 110,000-volt, double-circuit, tower line, and approxi- 
mately 75 miles of 22,000- and 13,000-volt feeder lines. 

TROUBLE OF 1916 


The first serious trouble on the system, due to sleet, 
came on December 22, 1916, on the tower line that 
1. Assistant General Manager, New England Power Co., 
Worcester, Mass. 
Presented at the Regional Meeting of the A. I. E. E., Swampscott, 
Mass., May 7, 1925. 


connects the station near Hoosaec Tunnel, Massachu- 
setts, with the substation at North Adams, Massachu- 
setts. This line was built in 1913, and consists entirely 
of 75-ft. standard square towers weighing approxi- 
mately 5000 lb. each, with two circuits of No. 1 copper 
conductor, each circuit being arrangéd in a vertical 
plane, and with a ground wire at the peak of the towers. 
It is only 8.3 miles long, but in this length it crosses a 
section of country varying in elevation from 1000 to 
2300 ft. above sea level. During the first winter of 
service on this line it was observed that quite fre- 
quently a slight sleet formation took place on the wires, 
and the engineers of the company thought that the 
No. 1 copper was too light to carry the sleet load. 
In the following summer, the No. 1 copper on 
five towers over the highest peak was replaced with 
3¢-in. crucible steel conductors, and all of the towers 
over this peak were dead-ended. 

This decision was very unwise, for two years later, 
in 1916, this section of the country was visited by a 
very heavy sleet storm, and ice of three to four inch 
diameter was sticking to the wires. All five of 
these towers on which the heavier conductors had been 
installed were completely wrecked. This failure oc- 
curred without a single break in the conductor, showing 
conclusively that had the towers been designed for the 
stronger conductor, no interruption would have 
occurred. 

Only temporary repairs could be made, using low 
wooden structures, as the whole mountain side was 
frozen and covered with glare ice. Later, in the sum- 
mer, the wooden structures were replaced with ten 
low towers, placing all wires in a horizontal plane. 
These towers were designed to withstand the sleet 
and wind loads for this section, and since their instal- 
lation no trouble in this particular section has been 
experienced, although there have been some very 
heavy sleet storms on this line. 

Fig. 1 shows the replacement towers which have 
been very satisfactory. 


TROUBLE OF NOVEMBER, 1920 


During Thanksgiving week of 1920 another sleet 
storm swept over this line, affecting a four mile section 
varying in elevation from 1500 to2300 ft. Thesleet was 
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again three and one-half in. tofourin. thick, and although 
there was no tower failure, there were many span-wires 
broken; so many in fact, that later in the summer this 
whole section had to be resagged. The storm lasted 
five days and no headway could be made toward getting 
the line back into service, for as fast as breaks were 
repaired in one section trouble would develop in other 
spans. In desperation some 2300/220-volt trans- 
formers were borrowed from one of the manufacturers 
and, by a temporary connection, were so arranged 
that it was possible to secure approximately 6000 volts; 


3. 1—A Srcrion or THE LINE SHOWING TYPE OF 
REPLACEMENT TOWERS 


and with this pressure, using about 300 amperes, the 
sleet was cleared from the line by heat. During all 
this time the customers supplied from the North Adams 
substation were without power. 

After the storm a careful examination of the line 
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TROUBLE IN 1921 i 


Cee a tt 


The most disastrous sleet storm on record in this 
section of the country started December 28, 1921. 
There was a steady, drizzling rain for three days 
with a temperature of around 82 deg. fahr. This 
froze as soon as it struck, thus accumulating 
ice three and four inches in-diameter on wires, 
towers and trees. 
thirty miles an hour accompanying this storm, which 
appeared to have three distinct paths; one across 


iy 


There was also a wind of about — 


the mountains between Shelbourne Falls and North — 


Adams, one in the hills between Leverett and Ware, 


and one from Gardner east to the coast, the storm 


being heaviest within a 30-mi. radius of the city of 
Worcester, Massachusetts. DowntheConnecticut Val- 
ley and in other sections of the system there was snow 
and very little damage to power and lines of com- 
munitation. On the mountainsaround Hoosae Tunnel, 


where for years there had been so much trouble from — 


sleet, the ice was just as heavy as in previous years 
but during this whole time service was maintained on 
two circuits 66,000-volt tower line without interrup- 
tion. Thiswasdueentirely to the sleet-thawing method 
previously worked out. The telephone trunk-line over 
this mountain had, in early years, successfully with- 
stood the sleet but was now completely wiped out. 
Lines affected in the company system were as follows: 

1. Over 55 miles of double-circuit, 2/0 copper on 
75-ft., square towers, weighing approximately 5000 
Ib. each, with the wires in a vertical plane and the 
ground wire at the peak: This line was built in 1913- 


1914 and extends from Shelbourne Falls to Millbury — 
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showed no signs of any of the towers being overstressed, 
nor were the wires stretched beyond their elastic limit. 
The only apparent damage was the broken conductors 
due to the overloading of the ice. 

Fig. 2 shows the profile of the line from Hoosac 
Tunnel station to Adams substation, and the extent 
of ice trouble is indicated by the shaded part of the line. 


and Pawtucket. 
towers with broken peaks and four with damaged 
crossarms. The tower failures consisted of broken 
masts, crippled legs, broken crossarms, damaged foot- 
ings, both in tension and compression, and quite a few 
towers were completely wrecked. a 


Approximately 75 per cent of the damage was at 


There were 69 tower failures, five 
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dead-end points, and in addition to the tower failures, 
there were many hundreds of broken spans on both 
power and ground wires. 

Temporary repairs were made by building a 66,000- 
volt, single-circuit pole line along the edge of the right 
of way, and later, the good parts of the damaged towers 
were salvaged, the towers being replaced: with new 
material purchased. 

2. Over 40 miles of double-circuit, No. 2/0 and No. 2 
copper line, with bayonet type towers, 50 ft. high, with 
pins, insulators and wires arranged in a triangular 
position: This line was constructed in 1908 and extends 
from Vernon, Vermont, to Worcester, Massachusetts, 
and all towers had been designed to break the con- 
ductor. Only three towers failed on this line, two 
being at angle points of over 45 deg., and the third 
tower was pulled down by the failure of the other two. 
Between Worcester and Gardner there were many 
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Fig. 3—ENciosures SHow Sections Most Srriousty 
AFFECTED BY SLEET 


hundreds of broken spans, and damaged insulators and 
pins. 

3. Over ten miles of “A” frame, double-circuit 
tower line with No. 2 copper in a vertical plane and 
¥-in., copper-clad ground wire at the peak of thetower: 
This line passes around the city of Worcester on a 
very crooked right of way, with many large angles. 
Among the ‘“‘A” frames were mixed a few 75-ft., square 
towers at heavy angles and guyed to take the expected 
loading. Due to the excessive sleet loading, however, 
some of the angle towers gave way and 78 towers were 
completely wrecked. On the remaining towers quite 
a few span wires were broken and the whole line was 
so completely wrecked that it was necessary to replace 
all of the damaged towers with two-pole structures. 

4. Over 50 miles of wooden pole line with wishbone 
crossarms and suspension insulators: These poles were 
substantially guyed and double-pole construction used 
on all dead-end points. Four or five crossarms were 
broken and quite a few poles were thrown out of the 
line, but there were no broken poles; there were also a 
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few broken conductor spans of No. 2 copper, but it was 
a comparatively easy job to put these pole lines back 
in service. 

5. In addition to the high-tension trouble, there 
were many miles of 13,000- and 22,000- volt feeder 
lines running along city streets carrying No. 2/0 
copper and smaller. There were many broken span 
wires, but this was caused primarily by the trees, over- 
loaded with ice, falling on the feeder lines and carrying 
them down. There was very little pole damage, and 
these lines were quickly put back into service as soon as 
the sleet was cleared. 

Fig. 3 shows the area most affected by sleet during 
this storm. 


TROUBLES OF MaArcH, 1924 


On the 11th of March, 1924, during a heavy snow- 
storm, the system began to experience trouble in the 
southern section, centering around Worcester and 
Providence. The wet snow packed around the insu- 
lators and stuck to the wires. By night it became so 
serious that Millbury, (Mass.), and Woonsocket 
and Warren, (R. I.) substations were completely 
isolated from the system. The storm centered in 
Rhode Island, and its effect on the balance of the system 
around Worcester was not so serious. 


The trouble was caused by the very wet snow, sticking 
to the wires and towers, becoming solidified due to a 
drop in the temperature and this combination of snow 
load and a 60-mile wind completed the damage. 
In Rhode Island, snow accumulated to a diameter of 
four inches and actual measurements showed that it 
weighed 48 lb. per cubic foot. Around Worcester the 
snow was not so wet, and although the snowfall there 
was greater, the accumulation on the wires was much 
less. On lines north of Worcester there were very few 
broken spans on any of the circuits, and these circuits 
were all back in condition within a short while. 


Between Worcester and Pawtucket, R. I., a distance 
of thirty miles, there were 36 broken span wires, 21 of 
them occuring in the last ten miles; but there was no 
structure damage. All of the towers in this section 
were standard 75-ft. square towers, weighing approxi- 
mately 5000 lb., with the wires in a vertical plane. 


The heaviest damage centered around Providence 
and on the transmission line to Fall River, (16.5 miles), 
94 out of a total of 147 towers were damaged. This 
damage varied from broken masts to completely 
wrecked structures. The line consisted of 75-ft. 
standard square towers with the wires in the vertical 
plane and weighing about 3500 lb. Being lighter than 
the other 75-ft. towers on the system, the effect of the 
storm on these was much more disastrous. ‘Temporary 
repairs were made by building a _ double-circuit, 
wooden-pole line along the edge of the right of way. 


Figs. 4 and 5 show typical tower failures, illustrating 
how completely the towers were wrecked, and Fig. 6 
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is a photo of solidified snow on the wire, four inches in 
diameter. 

An interesting thing developed during this storm; 
a 66,000-volt, double-pole, double circuit of No. 2/0 
copper, wooden pole line with all wires in a horizontal 
plane runs around the north side of Pawtucket to Kast 
Providence. This pole line for quite a distance is on 
an adjacent right of way with a standard 75-ft. tower 
line. The ten miles of wooden pole line came through 
the storm with only three broken conductors and a few 
unhooked insulator strings, while the tower line had 
several towers completely wrecked and a great many 
broken span wires. One of these towers, due to the 
heavy load of ice, fell across the pole line and caused 
one of the above mentioned broken spans. The pole 
line had no broken or damaged structures and was put 
back in condition in one day’s time. 


4-5 


ras. 


Towrr Fainures 


Fig. 7 is a photograph of the 75-ft. tower which, in 
falling, put the wooden pole line out of service. 


SILEET THAWING 


The first experience of sleet thawing on the company’s 
system was during the storm of 1920. The lines were 
cleared of ice in western Massachusetts by using a group 
of 2300/220-volt transformers connected in series and 
paralleled, to secure from 6000 to 8000 volts at 300 
amperes. This was only a temporary connection made 
up after six days of ineffective work trying to clear the 
lines, and much to the surprise of all it worked amazingly 
well. These were retained in the plant during the 
remainder of the winter. Plans were then made to 
provide the Hoosae Tunnel Station with permanent 
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means of thawing the ice from the two No. 1 copper 


lines running over the mountain to North Adams, eight 
miles, and the two No. 1 circuits running over the 
mountains to Shelbourne Falls,—14 miles. Equip- 
ment in this station consisted of two 11,000-volt, 25- 
cycle generators, and two 2300-volt, 60-cycle genera- 
tors; five 3000-kv-a., three-phase, 66,000- to 2300-volt 
transformers. ty 
From many tests made in the field, it was evident 


Fig. 6—So.ipirieD-SNOW-COVERED CABLE 


that from 250 to 300 amperes at 6600 to 8000 volts 
would be required to clear in an hour the No. 1 copper 
of sleet. The engineers of the company were in 
favor of providing a separate auto-transformer for 
this service only, but on receiving the proposal from 
the manufacturers, the proposition was abandoned as 
too excessive in cost. Further study was made and 
it was finally discovered that by opening the delta on 


the low-tension side of one of the three-phase trans- 


formers and connecting the individual coils in series 
with the delta of a second three-phase transformer and 


Fia. 7—Dersrrucrion or Woopren Poin Linz By FALL or 
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with the two high-tension sides connected in multiple, | 
an extended delta could be secured, giving the desired 


voltage. 


Fig. 8 shows the diagram of connection and the 
method of connecting the two deltas. : 

In order to make use of this combination for sleet 
thawing and still keep. the transformers available for 
ordinary service during the other times of the year, 
all six secondary leads were brought out of one of the 


F 
[ 
: 
q 
1 
4 


“) 


f 


* 


Nov. 1925 


three-phase transformers to disconnecting switches 
mounted on the ceiling overhead the unit. These 
switches were so arranged that the special combination 
for thawing could be made very quickly, and special 
cables were run from the extended delta up to the roof 
of the building, where a flexible connection of a hundred 
feet of three-phase cable was provided, by means of 
which connections could be made to any of the four 
lines\'on the roof to be thawed. The total apparatus 
tied up for sleet thawing consisted of one 60-cycle, 
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2300-volt generator, and two three-phase transformers. 
This equipment, with a separate exciter, could be 
operated independent of the balance of the equipment 
in the station. The total cost of the sleet thawing 
outfit was, therefore, very moderate, and the only new 
equipment required was a few sets of 6600-volt, dis- 
connecting switches and some cables. A test made 
under actual operating condition on the line to North 
Adams, (8.3 miles long and of No. 1 copper), showed 
the following result at 60 cycles. 


Line Amperes Generator Volts Line Volts 
200 1170 3150 
250 1460 3930 
300 1740 4760 
390 2300 6150 


A test on the line to Shelbourne Falls, (14.7 miles 
and of No. 1 copper), showed the following results: 


60 Cycle 
Line Amperes Generator Volts Line Volts 
200 2290 5600 
250 2600 6970 
40 Cycle 
200 1670 4470 
250 2090 5590 
} 275 2300 6120 
300 2500 6700 


z 


Within the last year, the third 25-cycle, 11,000-volt 


rator has been installed, and this will also be 
able for sleet thawing. 
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The success of the sleet-thawing arrangement de- 
pends entirely upon complete cooperation between the 
generating station at Hoosac Tunnel and the stations 
at the end of the line to be thawed. This cooperation 
normally requires telephone connection between the 
stations, but during sleet trouble, the telephone lines 
are usually the first ones to be put out of commission, 
so it was necessary to devise a means of working the 
sleet thawing device absolutely independent of tele- 
phone. Accordingly, a definite schedule was worked 
out for 24 hours, whereby sleet could be thawed on any 
or all of the four lines radiating from this station. 
This schedule is independent of dispatchers’ orders or 
telephone, and it functions even when all telephone 
connections have been completely wiped out. 


The sleet thawing is always started and carried on in 
accordance with this schedule regardless of the time 
of day and the number of lines to be thawed, so that the 
crews at both ends of the lines are thoroughly familiar 
with the routine of operation. A complete cycle of the 
schedule is given as follows: 


Time Shel. Falls Sta. |Hoosac Tunnel Station|North Adams Substa. 
2:45 p.m.| Removeshort | Start heat on No. 10 
from No.7 Line | Line 
3:00 p.m.| Close No. 7 Line} Energize No. 7 Line 
when alive at 66,000 volts 
3:15 p.m.| Open and switch | Open and switch No. 
No. 8 Line 8 Line 
3:30 p.m.| Attach short to| Stop heat on No. 10} 
No. 8 Line if| Line 
| dead | | nt 
3:45 p.m. Start heat on No. 8| Remove short from 
Line No. 10 Line 
4:00 p.m. Energize No. 10 Line | Close No. 10 switch 
| at 66,000 volts when alive 
4:30 p.m. Open and switch No. | Open and switch No. 
9 Line 9 Line 
4:45 p.m. Stop heat on No. 8 | Attach short on No. 
Line 9 Line if dead 
5:00 p.m.| Remove — short | Start heat on No. 9 


:15 p.m.} Close No. 8 Line 


from No. 8 Line 


Line 
Energize No. 8 Line | 


switch when | at 66,000 volts 
alive 
5:30 p.m.| Open and switch | Open and switch No. | 
No.7 Line | 7 Line 
5:45 p.m.| Attach short to} Stop heat on No. 9 
No. 7 Line if 
dead res 
6:00 p.m. Start heat on No. 7| Remove short from 
; Line No. 9 Line 
:15 p.m. Energize No. 9 Line} Close No. 9 Line 
at 66,000 volts switch when alive 
6:45 p.m. Open and switch No.| Open and switch No. 
| 10 Line 10 Line 
7:00 p.m.) Stop heat on No. 7} Attach short on No. 
| Line 10 Line if dead 
7:15 p.m.| Remove short | Start heat on No. 10 
from No.7 Line | Line 
7:30 p.m.| Close No.7 Line | Energize No. 7 Line 


switch when 


alive 


at 66,000 volts 


tempt to keep all four lines free from ice. 


The sleet thawing equipment was completed several 
weeks before the storm of 1921, but the crews at the 
station had not become proficient in its use, and when 
the sleet storm struck, it was not deemed wise to at- 


All energy 


was devoted to keeping the lines over Florida Mountain 
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clear. As a result, these two lines came through the 
storm with a clean record and service was maintained 
to the customer during the whole time, in spite of the 
fact that all other communications and telephone lines 
in this part of the country were very seriously affected 
by the storm. This test thoroughly convinced the 
organization of the efficiency of the device, and since 
that time, sleet-thawing devices have been installed 
in several other points on the system. 


CONCLUSIONS 


The lessons learned during the past few years have 
been very expensive, but it is hoped that the future will 
benefit by so designing the lines of the system that 
they will come through a storm with a clean record. 
The following facts have been discovered: 

1. That towers should be designed to stand regard- 
less of the load on the conductors. A conductor 
failure is bad, but a structure failure is positively 
disastrous. 

2. That earth footings fail very often in compres- 
sion and this failure has wrecked many towers. There 
are also some failures of footings in tension. 

3. That guying towers at angle points instead of 
using a heavy structure is very poor makeshift. The 
tower usually fails before the guy has a chance to do 
any work. 

4. That “‘A’’ frame towers are not an ideal com- 
bination for sleet conditions even when all points are 
reinforced with heavy square towers installed every 
half mile in tangent and with a heavy ground wire 
overhead. 

5. That vertical spacing of conductors will never 
prove satisfactory for sleet condition, not even with the 
middle crossarm extended. 

6. That the so-called 75-ft. standard square towers 
as used in this section of the country for years will not 
withstand the sleet and wind load. 

7. That wooden pole lines have suffered less damage 
and are easier to put back into service than light tower 
lines. 

8. That in building important high-tension lines 
there is no half-way ground. To withstand the sleet 
it should be either a double-pole construction with 
steel crossarms or a steel tower with suitable factors 
of safety and with all wires in a horizontal plane. 


9. That wherever possible it is advisable to install a 
thawing device if it can be done at a reasonable figure. 
This is a very desirable addition in New England, and 
will pay for itself many times on transmission lines 
thus protected from the sleet storm. 

10. That over 60 per cent of trouble occurs at dead- 
end towers. These should be self supporting and not 
guyed, and as many angles as possible eliminated. 

It is quite evident that ideas have had to be revised 
about transmission line design for this section of the 
country. During the past two years, the Company 
has constructed over 125 miles of 110, 000-volt trans- 
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mission lines and these lines have been designed 
with the thought that it was possible to build one that 
would withstand even the severe sleet storms of New — 
England. Advantage has been taken of the lesson we 
have learned from the other sleet storms, and it is 
believed that the present transmission line will prove 
satisfactory. 


or 


Discussion 


SLEET AND ICE ON TRANSMISSION LINES 
_ (Swampescort, Mass., May 7, 1925) 


L. W. W. Morrow: The Pennsylvania Power & Light 
System, as well as other companies in central Pennsylvania, 
have encountered this sleet problem for several years, and have 
introduced a method of combating sleet which I think will 
prove of interest. It is somewhat along the same lines as the 
method used by the New England Power Company. 


The method is based on the premise of catching sleet before it 
forms. In other words, we all know that it takes a large amount 
of heat to melt ice once formed. Down there most of their 
sleet oceurs only in the high-altitude territory, so they have 
organized a system whereby, after studying all weather maps 
and close observation of approaching storms, all patrolmen are 
concentrated into the sleet areas to be on the job to start im- 
mediately if there is any chance whatsoever of sleet forming on 
any line. 

If a report comes in that a sleet storm is approaching, they 
immediately organize to combat the sleet. This is done by 
isolating generators in stations sectionalizing lines as much as 
possible, improvising equipment that can short-cireuit any line, 
and attempting to heat the lines before the sleet forms. It 
doesn’t take much heat in a line to keep sleet from forming, but 
it takes an immense amount of heat to melt ice off the line once it 
is formed. So their method is sectionalization and crowding 
loads into lines, utilizing generators in stations, putting energy 
into the lines they are trying to warm to keep sleet from 
forming. It is a scheduled proposition, definitely arranged, with 
all men on the whole system alert to prevent sleet from damaging 
the system. 


The result of their experience has 658 that in the last year or 
two they have had very little trouble and have been able to 
combat sleet very successfully. 


J. Roubicek: I think it interesting to see how the sleet 
melting is effected in one of the recent additions to the New 
England Power Systems. I am referring to the Montauk 
plant in Fall River. 


There is a 32,000-kw. generator operating on a bank of trans- 
formers temporarily connected to give 66,000 volts on the high- 
tension side. The generator cables are led to a small cable 
house in the outdoor switchyard, from which point bare copper 
connections are made to the transformer. A double-throw, 
disconnecting switch is located in the top of the cable house, by 
means of which it is possible to throw the generator output 
either on the transformer bank, or directly on the outgoing 
high-tension line, (hereby bridging switches, transformers and 
high-tension apparatus in the outdoor switchyard), and subject 
the high-tension lines to the passage of the heavy generator 
current. Lamps in the cable house indicate whether the trans- 
former oil switches are closed -or opened, so that the operator 
can make no mistakes in interrupting the transformer circuit 
while the breakers are in. The connection of the 14, 000-volt 
sleet-melting cable to the high-tension line is made by solderless 
connectors which are disconnected when not in use. 


H. S. Knowlton: The cost of modern transmission lines 
for high-voltage service is rapidly approaching a figure per mile 
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comparable with the cost of building steam railroads perhaps a 
generation ago, and it is certainly pretty nearly one-fourth of the 
cost of building steam railroads per mile through some of the 
canyons of the Far West. I think it would be very interesting 
if Mr. Oliver would say just a few words about what range of 
costs per mile have been encountered in his practise. 

R. E. Argersinger: Some twelve years ago, before much 
trouble of sleet on transmission lines had been experienced in 
New England the company with which I am connected built a 
transmission line in Connecticut. This was a two-cireuit line 
with No. 2 copper wires, each circuit in a vertical plane on one 
side of the tower. 

Considerable sleet trouble was experienced, but a large 
portion of it was eliminated by extending the middle cross arm. 
However, it was later decided to attempt to melt the sleet from 
the wires and this was done successfully over a length of line 
approximating 20 mi., by short-cireuiting one end of the 
circuit and applying voltage at the other end. A current of 175 
amperes will melt sleet on these No. 2 wires with the air at about 
32 deg. fahr. However, if there is a breeze and the temperature 
gets down to 20 deg. fahr., it will take nearly 300 amperes to 
obtain satisfactory results. 

I did not clearly understand from Mr. Oliver the size of wire in 
the case to which he referred. 

C. R. Oliver: It is our experience that 300 amperes will 
thaw the sleet if it is taken in time. The size of which I was 
speaking is No. 1. 

R. E. Argersinger: If you start as soon as sleet begins to 
form, considerably less current is required to prevent further sleet 
formation than would be necessary to free the wire from a con- 
siderable thickness of sleet after definite formation. 

I believe that in view of sleet troubles which have occurred in 
New England in recent years, more attention should be paid to 
the design of the line towers. In too many cases towers are 
purchased without sufficient attention to stresses allowed in the 
design and the compression formula employed; also to the 
proper factor of safety. 

Last winter St. Louis experienced a very severe sleet storm 
and a great deal of damage was done throughout the district to 
overhead work. As reported to us the Keokuk-St. Louis steel 
tower line ‘‘stood like a rock,’’—the result of careful structural 
analysis in the design and an ample factor of safety. 

J. A. Johnson: Some years ago I had occasion to design a 
transmission line and carried out that old practise of going into 
the market and buying a standard product from a manufacturer. 
_ During the construction of the line, a heavy sleet storm occurred 
and several towers were wrecked before the line was ever put in 
service. The point I wish to bring out is that this sleet-thawing 
device ought to be the first thing provided when building a 
transmission line, and one should not wait until the line has been 
built and in service several months before beginning to think of 
sleet protection. 

C. R. Oliver: It has been our experience that in the two or 
three hours between the time we stop thawing a line and get back 
toit, the sleet forms alittle but not seriously. The whole trick that 
we have learned in sleet thawing is to get at it quickly. With 
very light sleet we have no trouble, but once the sleet gets two 
inches thick, you have real trouble on your hands, because your 
conductors sag down in the old vertical spacing and one span 
will unload before the other span does and you have a burned- 
off conductor results. We try to get to thawing the minute 
we find there is any sleet. 

It has been true that there has not been as much thought put 
into the transmission-line tower design as we have put into our 
substation design or power house design. 

We build a substation structure, and the structural engineer 
will calculate every member in that structure and all the stresses, 
and then add one hundred per cent in order to play safe. And 
by the time he gets through he adds another hundred per cent. 


OLIVER: SLEET AND ICE TROUBLES ON TRANSMISSION LINES 


UEC 


We don’t put that factor of safety into transmission lines; 
at least we haven’t in the past. Very few men ean actually 
calculate stresses in the mast of the tower, particularly in the 
old type of tower. A footing designed with delightful intention 
very often crumbles in compression, and if just one member 
erumblesina particular footing you have a damaged tower results. 

On the line that we finished just last year, we tried to put 
as much thought into the building of these individual towers 
as we did into the building of a structure of any kind. When 
the footings were excavated an engineer was there with a transit, 
and he stayed with the footing crew the whole time, and that foot- 
ing was set just as carefully and just as much to grade asif we were 
setting the footing of a building. 

Regarding the question of single-pole construction, this has 
been a standard on our system now for about six years; that is, 
up to angles of 15 deg. we use a so-called double-pole construc- 
tion with a single cross arm, but over angles of 15 deg., we take 
an individual pole and dead-end of the wire with a pull-off con- 
struction for each phase. 

Regarding the Moloney-type footing, we haven’t used any 
of these. We know nothing about them except what some of 
our friends who have tested them have told us, but we hope to 
try some of them out in test if not in actual use. 

Mr. Knowlton asked about the cost of transmission lines. 
Well, that depends much on the designing engineer, the type of 
country you are going through, the type of service you have 
to give. There are many indeterminate figures in the problem. 
We can give you whata110,000-volt line costs, but itis dangerous 
to use it on any other section of the country; in fact, it is dangerous 
to use it in any way except as a guide. 

We had that illustrated some time ago with one of our financial 
men. We were talking to some of the Southern fellows about 
building transmission lines, and had just put in an estimate of 
$15,000 a mile. He said, ‘““‘We build that kind of lines for 
$8000 a mile,’’ and we have had a very difficult time éxplaining 
to our people why we can’t build them for $8000 a mile. But 
it is due to the character of the country, to the loadings we get, 
to the care we try to put into the lines, and it makes your cost go 
up. We have seen some recent estimates of 220,000 volt, 
running about $40,000 a mile for double circuit. On the 
110,000, so-called flat construction with six wires in one plane, 
werun about $25,000 a mile, including the right of way and the fees. 

Mr. Morrow spoke about sleet-thawing down in Pennsyl- 
vania. They have an ideal condition with their load at one 
point and power station at another part of the system, and can 
bunch their load therefore on one line. But we have a con- 
dition in New England quite different from that, that is, we 
have a 66,000-volt distribution system in effect, and there is no 
way that we can bunch the load over one line and keep the 
sleet off. 


PLANES SURVEY POWER SITES WITH 
CAMERAS 


Just as airplanes equipped with special cameras 
were used during ‘the World War to learn of conditions 
along front line trenches and in No Man’s Land, they 
are now being employed in preliminary surveys of 
areas where hydroelectric developments are under 
consideration. : 

.Not long ago the Green River Basin in the North 
Carolina Blue Ridge Mountains covering an area of 55 
square miles was surveyed in this manner. The 
mountains and forest meant little to the airplane used 
and the work was completed much sooner than would 
have been the case if ordinary surveying methods had 
been used. 


Latest Design and Practise in Power Plants 3 


By Committee on Power Generation* 


INTRODUCTION 


ROGRESS in the art of steam station design and 
P operation has been so rapid as to rather bewilder 

even the men who are giving their whole time and 
thought to this work. We have grown quite accustomed 
to seeing our dreams become actualities almost over 
night. The past year has witnessed the actual genera- 
tion-of power in an 80,000-kw. generating station at a 
coal rate of kw-hr. 20 per cent lower than any previous 
performance on a commercial scale. May we with 
confidence look forward to further gains of the same 
magnitude? May we expect that each new station 
built will establish a new record for operating perform- 
ance? Why does each new steam generating station 
differ so radically from those already built? If we are 
to answer these questions, we must evaluate the present 
day tendencies, look backward a bit to see how far we 
have come, and attempt to look forward. 


IMPORTANT TECHNICAL ACHIEVEMENTS OF THE LAST 
‘YEAR 

1. The operation of the two 40,000-kw. General 
Electric single-cylinder turbines, in the Philo Station 
of the Ohio Power Company: The steam is delivered to 
the turbine throttle at a pressure of 550 Ib. per sq. in. 
gage, and a temperature of 725 deg. fahr., the steam 
being withdrawn from the turbine after being expanded 
down to a gage pressure of 155 lb., returned to the 
boiler room, reheated to a temperature of 725 deg. fahr., 
and then expanded through the remaining stages of the 
turbine to a pressure of approximately 1% lb. per sq. in., 
absolute at the turbine exhaust. This marks the 
consummation in this country of Ferranti’s dream of a 
reheating cycle. The two units in this station have 
been in operation since October 14, 1924, and February 
24, 1925, respectively. The water rate, corresponding 
to a load of 40,000-kw., steam conditions being as in- 
dicated above and no steam bled from the turbine for 
feed water heating, is reported to be approximately 
8 lb. per kw-hr. In normal operation, steam is bled 
from two stages of the turbine for feed-water heating. 
The feed water then goes through economizers before 
being delivered to the boilers. The air for combustion 
passes through a preheater before going to the wind 
box of the chain grate stoker. The flue gases pass 
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through the preheater on their way from the econo- 
mizers to the stack. The heat consumption for 
this station has over a week’s time been as low as” 
13,715 B. t. u. per kw-hr. of net station send-out, this” 
performance corresponding to a load factor of 81 per 
cent for the week. 

2. The initial operation of the Crawford Avenue 
Station of the Commonwealth Edison Company in- 
Chicago: The turbines in this station are designed for 
substantially the same steam conditions as the tur- 
bines in the Philo Station. The three turbines in the 
Crawford Avenue Station are of the cross compound 
type and were built by three different manufacturers— 

a. 50,000-kw. unit—C. A. Parsons 

b. 60,000-kw. unit—General Electric Company 

ce.” 50,000-kw. unit—Westinghouse 

Two surface condensers with vertical tubes connect 
direct to the exhaust casing of the low pressure element — 
of each of these turbines. Each of these three turbines — 
was built on anew design and they present many interest- 
ing features. Due to the new design of low pressure ex- — 
haust nozzle and condenser, new features have been ~ 
embodied in the turbine foundations, the building — 
layout and the arrangement of auxiliaries. The 
Crawford Avenue Station has been in operation only a — 
few months and as yet the single stage of reheating 
of the steam during its expansion has not been used. 


3. The construction by the General Electric Com- 
pany of a 3000-kw. turbine, running at 3600 rev. per — 
min., for operation in the Weymouth Station of the 
Edison Electric Illuminating Company, with a steam 
pressure of 1200-lb. per sq. in. gage and a steam — 
temperature of 700 deg. fahr. at the turbine throttle: — 
This turbine will exhaust against a back pressure of 
approximately 350-lb. per sq. in. gage, its steam being — 
first returned to the boiler room to be reheated to 700 
deg. fahr. and then discharged into the main steam 
header of the station. Only one boiler for operation at — 
1200-Ib. per sq. in. gage has been installed at the pres- — 
ent time. This high pressure boiler and the turbine — 
which serves as its reducing valve will soon be com- 
pletely erected and ready for operation. . 


4. The operation in the Colfax Station of the Du- — 
quesne Light Company in Pittsburgh, of two 35,000-kw. 
Westinghouse turbines, with four-stage bleeding of — 
steam to raise the feed water to a final temperature of 
approximately 350 deg. fahr. before it is returned to the 
boilers: This marks the extreme development of the 
regenerative cycle in turbine room operation. 

5. The operation of four 30,600-sq. ft., double- 
ended Stirling boilers, with 22,464-sq. ft. economizers — 
in the Lake Shore Station of the Cleveland Electric 
Illuminating Company: These boilers and economizers, ; 
equipped with pulverized fuel burners and furnaces— 
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- each of the latter having a volume of 29,150 cu. ft., 


_ have shown on test an efficiency of 92.9 per cent 


at 140 per cent of normal rating, and an efficiency of 


89.8 per cent at 270 per cent of normal rating. These 


same boilers have operated at an average gross efficiency 
of as high as 90.4 per cent fora month’stime. These 
results have been obtained with coal running as high 


as 11 per cent in ash and as lowas 12,600 B. t.u. per lb. in 


heat value. The sulphur was as high as 3.5 per cent 
and the coal ash melted at approximately 2150 deg. fahr. 

Operating efficiencies in connection with the 29,085 
sq. ft. double-ended Stirling boilers in the Trenton 
Channel Station of the Detroit Edison Company, have 
been only slightly lower than the results quoted above 
for boilers installed in the Lake Shore Station in 
Cleveland. Each of these boilers in the Trenton 
Channel Station is equipped with two 9492 sq. ft. 
economizers. The coal is fired in pulverized form, and 
the furnace has a volume of 25,140 cu. ft. These 
operating results in the Lake Shore Station and the 
Trenton Channel Station, with the unburned fuel loss 
reduced to a small fraction of 1 per cent and the 
temperature of flue gases reduced to from 230 deg. 
fahr. to 250 deg. fahr., present an achievement un- 
dreamed of a few years ago. 

6. The operation of the 18,010 sq. ft. Babcock & 
Wilcox cross-drum boilers in the Cahokia Station of the 
Union Electric Light & Power Company of St. Louis: 
These boilers are twenty tubes high in the main tube 
bank and are not equipped with economizers. The 
coal is burned in pulverized form. The furnace has a 
volume of 12,850 cu. ft. Burning a most inferior grade 
of southern Illinois coal, these boilers have shown on 
test an efficiency of 85.9 per cent at 148 per cent of 
normal rating and an efficiency of 82.1 per cent at 260 
per cent of normal rating. The average gross boiler- 
room efficiency in the Cahokia Station has run as high 
as 81.2 per cent over a month’s time. These results 
are remarkable for two reasons: 


a. They were accomplished with very low grade coal. 


b. They were accomplished without the use of economizers - 


or air heaters. 


7. The successful operation in the Chester Station 
of the Philadelphia Electric Company, of underfeed 
stokers, with air delivered to the stoker wind box pre- 
heated to a temperature 550 deg. fahr.: A 15,000 
sq. ft. boiler, equipped with a 15-retort, 22-tuyere, 
Taylor stoker with clinker grinder has operated for 
extended periods at ratings in excess of 300 per cent of 
normal boiler rating, with air delivered to the stoker 
wind box at a temperature of approximately 550 deg. 
fahr. The fuel bed has been free from large clinkers and 
is as easy to maintain in good condition as in connection 
with other boilers not equipped with air preheaters. It 
appears that stoker maintenance will not be greatly 
increased by use of preheated air. It does appear, 
however, that furnace walls designed along conventional 
lines will not withstand the effects of the high furnace 
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temperatures which obtain in connection with the use of 
preheated air. 

8. The further developments in use of water-cooled 
furnace side walls as exemplified in connection with the 
boilers installed in the Hell Gate Station and Sherman 
Creek Station, of the United Electric Light and 
Power Company in New York, and the boilers installed 
in the Zilwaukee Station, of the Consumers’ Power 
Company in Michigan. 

A novel wall has been in operation since November in 
connection with one of the stoker-fired boilers in the 
Lake Shore Station in Cleveland. By water cooling, 
the inner refractory lining having a thickness of less 
than 1 in. is maintained at a temperature of less than 
2000 deg. fahr., but still at not too low a temperature to 
slow up combustion adjacent to the wall. 

9. The successful use of Cottrell precipitators in the 
Trenton Channel Station, of the Detroit Edison 
Company, for the removal of fine ash from the flue gases 
before they pass out the stack: The ability of this 
equipment to remove 75 per cent of the solids in sus- 
pension in the flue gas has been demonstrated. 

10. The successful operation of 70 in. Fuller air- 
separating type of pulverizing mill in the Cahokia 
Station, of the Union Electric Light and Power 
Company of St. Louis: This mill has pulverized 28 net 
tons of Illinois coal per hour, with a combined power 
consumption of 294 kw. for the motors driving the mill 
and the exhauster fan. Coal was pulverized to a 
fineness so that 65 per cent passed through a 200 mesh 
sereen. This mill and its driving motor occupy a floor 
space of 13 by 21 ft. 

11. The development by the Fuller-Lehigh Com- 
pany of the “‘well type” furnace for burning coal in 
pulverized form: In an experimental furnace 8 ft. 
square by 8 ft. high, 32,700 lb. of coal per hour have 
been burned. Such observations as can be made, in 
connection with a furnace open at the top to atmos- 
phere indicate that the coal-is completely burned. 

12. The successful operation in several stations of 
automatic combustion control equipment: Notable 
installations are those in the Lake Shore Station in 
Cleveland, Sherman Creek Station in New York, and 
Devon Station, of the Connecticut Power and Light 
Company, in Devon, Conn. Reference has already 
been made to the close agreement between average 
monthly operating efficiencies in the Lake Shore 
Station, and the efficiencies obtained under the most 
zarefully made tests. It appears that equipment is now 
available which will enable elimination in large meas- 
ure, of the losses incident to the lack of constant 
vigilance by the firemen. 

13. The efficient operation of large single-pass 
condensers in the Waterside Station, of the New York 
Edison Company, and the Trenton Channel Station, of 
the Detroit Edison Company: In these installations less 
than 1 sq. ft. of surface is installed per kw. of turbine 
capacity. Ample provision has been made, however, 
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for the penetration ot steam into the tube bank. These 
installations point the way to possible reductions in 
the cost of condensing equipment without appreciable 
reductions in station economy. ~ 

14. The placing in operation of five 30,000-kw. and 
nine 20,000-kw. turbines of the new Westinghouse 
multi-exhaust Baumann type. 

15. The construction by the General Electric Com- 
pany of two 50,000-kw., 62,500-kv-a., 1800-rev. per 
min., tandem compound turbo-generators, for the 
new Richmond Station of the Philadelphia Electric 
Company, and two 60,000-kw., 60,000-kv-a., 1500 
rey. per min., single cylinder turbo generators, for the 
Fourteenth Street Station of the New York Edison 
Company. 

16. The use of three new methods for insuring the 
reliability of the power supply for the auxiliaries in 
large steam stations: 

a. In ten new stations recently placed in operation or now 
in the course of construction, the generator which supplies power 
for the essential auxiliaries is directly coupled to the main 
generator and driven by the main turbine. 

b. In the Trenton Channel Station, of the Detroit Edison 
Company, the power for the auxiliaries is obtained from separate 
turbo generators which operate as condensing machines and 
eonstitute a separate power plant within the larger power plant. 

ce. In connection with the Parsons turbine in the Crawford 
Avenue Station, Chicago, and the Richmond Station, Philadel- 
phia, the power for the essential auxiliaries is to be obtained from 
a transformer which is tied direct to the leads of the main 
generator. 

17. The extensive use of waste heat driers and steam 
driers for removing the moisture from coal before it is 
pulverized: This is best exemplified by the installations 
in the Cahokia Station, in St. Louis, and the Trenton 
Channel Station, in Detroit. 


IMPORTANT DEVELOPMENTS OF THE PAST FEW YEARS 

These things have come to pass within the last year. 
Looking back over a slightly longer period, we see the 
development of the steel-tube economizer for high pres- 
sure installations; the development of the inter-deck 
and radiant heat superheaters; the development of the 
air-cooled furnace for pulverized fuel, with a water 
screen for protecting the furnace floor; the develop- 
ment of the air preheater; the use of the closed system 
of ventilation with radiator type coolers for large turbo 
generators; the widespread use of deaerators and 
evaporators; the all but universal swing to the use of 
electric-driven auxiliaries; the newer developments in 
the design of boiler settings for chain grate stokers 
to insure a thorough mixing of the rich gas stream which 
rises from the front end of the stoker with the excess air 
which comes up through the rear end of the stoker, so as 
to enable a minimum of excess air to be used; and the 
development of the underfeed stoker for total furnace 
depths up to 19 ft. 8 in. All of these things were un- 
known as commercial achievements and most of them 
undreamed of five years ago. 

The length of the strides which we have taken may be 
visualized by reference to the most interesting address 
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a 
delivered by Mr. W. H. Patchell, at the time of his 
inauguration as president of the British Institution ¢ 
Mechanical Engineers on February 21, 1924. “Agee 
result of a review of the situation in this country and 
abroad, Mr. Patchell presented the operating efficiene’ 
for thirty-six stations in England, twenty-five stations 
in the United States, and one station—the Gennevi 
liers Station—in France. The heat consumption, ps 
kw-hr. for the most efficient station in England w 
given as 20,150 B. t.u. The heat consumption for 
most efficient station in the United States was given 
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18,030 B.t.u., and the heat consumption for the 
Gennevilliers Station in Paris was given as 22,240 — 
B.t.u. We have referred earlier in this report to the 4 
remarkable performance of the Philo Station of the — 
Ohio Power Company, which has been as low - ou 115 
B. t. u. per kw-hr. 
These same facts referred to in the pecan: r 
graph may be visualized by reference to the curves in 4 
Fig. 1, which show the trend of performance of typical — ; 


a> See 


Nov. 1925 


stations plotted against the dates of initial operation of 
these stations. This curve is not the product of a dis- 
ordered imagination, but represents the weighted 
average in connection with the performances plotted 
for twenty-two stations. At first glance, the curve 
appears to have a very peculiar shape. Further analy- 
sis indicates that there was a very definite reason for the 
slowing up of power-station development during the 
war period, and the extremely high prices of coal during 
the period from 1920 to 1922, inclusive, in no small 
measure account for the marked improvement in the 
performance of stations which have gone in service 


_ within the last six months. 


The dotted extension of the curve shown on Fig. 1 is 
our estimate as to the future possibilities in the way of 
improved performance for a station designed to operate 
on the straight-steam cycle with a single stage of re- 
heating. Obviously, this curve has to flatten out. 
We have also shown the over-all performance for a 
combined mercury vapor and steam station, which is 
indicated by the performance of the mercury-vapor 
turbine and boiler in the Dutch Point Station of the 
Hartford Electric Light Company, and we have 
shown by means of a dotted curve our estimate as to the 
future possibilities of the combined mercury vapor and 
steam cycle. 

One might well gain the impression that the possi- 
bilities for further improvement in steam-station design 
have been almost exhausted. This fact is hardly the 
case. There are at least three major possibilities im- 
mediately ahead which will result in higher operating 
efficiencies for our steam generating stations: 

a. The further development of commercial equipment for use 
in the application of the mercury vapor-steam cycle. 

b. The development of superheaters, high-pressure steam 
piping, valves and turbines for operation in connection with 
steam temperatures of 800 deg. fahr. or higher. 

e. The use of hydrogen or some equally suitable gas as the 
cooling medium in connection with closed ventilating systems 
for turbo generators, and the development of new generator 
designs which will take advantage of all the possibilities of this 
new cooling medium. 

It is perfectly true, however, that while there has 
been a drop from approximately 18,000 B. t. u. per kw- 
hr. to 14,000 B.t.u. per kw-hr. in the last eighteen 
months, a further reduction from 14,000 to 10,000 B.t.u. 
per kw-hr. cannot be looked for unless use is made of the 
mercury vapor-steam cycle, with comparatively high 
pressure used in connection with the mercury vapor 
boiler and the most efficient possible layout in connec- 
tion with the steam end of thestation. As far as further 
reduction in the fuel cost in connection with large steam 
stations goes, work is being done on the law of diminish- 
ing returns. A point has already been reached 
where further gains are going to be very difficult of 


attainment. 


The report thus far has dealt in large measure with 


the technical achievements and with the reductions in 


heat consumption in connection with our newer stations. 
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Our real function as power station engineers, however, 
is to deliver power on the station bus-bars at the lowest 
possible cost per kw-hr., and it is in the analysis of the 
elements which go to make up the cost per kw-hr. that 
we find the real answer as to the most profitable trend 
for future power station development. 

The total cost of each kw-hr. delivered on the station 
bus-bars is made up of four major elements: 


a. Operating labor and superintendence. 
b. Maintenance. 

ce. Fuel cost. 

d. Fixed charges on the investment. 


so-called operating costs which most of us talk 
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about when we discuss power costs, is made up of items 
a,bandec. Accounting systems commonly used do not 
spread fixed charges so as to allocate-so many mils to 
each kw-hr. generated, and accordingly many of us lose 
sight of them. It is perfectly obvious, however, that 
the interest and the taxes paid in connection with an 
investment in power stations and the money which must 
be set aside each year to provide for renewals due to 
depreciation and obsolescence are just as tangible 
elements entering into the cost per kw-hr. as the money 
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which must be paid for fuel to generate that same kw-hr. 

In Fig. 2, is shown the trend of operating costs and 
fixed charges of typical large power stations plotted 
against the dates of initial operation for these stations. 
As in connection with Fig. 1, only power stations of 
60,000-kw. capacity and higher are considered. An 
endeavor has been made to take into account all the 
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different factors in the derivation of these curves. 
Some of these factors are as follows: 


1. The variation in the cost of labor, both for operation, 
maintenance, and for construction work during the period 
from 1913 to 1925. 

2. The variation in material costs and equipment costs. 

3. The variation in coal prices (costs of coal delivered in the 
bunker for a power station in Baltimore has been taken as the 
basis). 

4. The variation in the cost of new money in connection with 
financing which has been done during succeeding years. 

5. The variation in taxes which have as their basis the 
investment in power stations. 

6. The variation in the probable use factor of equipment 
placed in service during succeeding years. The average load 
factor of the system, the outages of equipment for inspection 
and repairs, and the amount of spare capacity considered neces- 
sary, are factors which go to make up the use factor in connection 
with the station. 

7. The decrease in man hours of operating labor per kw-hr. 
incident to certain developments in power-station design. 

8. The tendeney towards the decrease in. cost per kw. of 
installed capacity due to certain trends of power station design, 
and the conflicting tendency towards increased power station 
costs due to other trends of power station design. 


The thing which stands out from an inspection of the 
curves in Fig. 2, is the relative trend of the fuel cost and 
the fixed charges during recent years. There has been 
a marked reduction in fuel cost due to the improvements 
in power station design and due to the declining price of 
coal. There is a definite upward tendency, however, 
in connection with the fixed charges per kw-hr., and as 
the matter stands at the present time the fixed charges 
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vantage of lower coal costs, the fuel costs will be : 


are 4.5 mils per kw. as eainpeieaen to a fuel cost of 2 
mils per kw. For those stations which are located 
closer proximity to the coal mines and have the a 


further reduced, assuming, of course, the same mod 
power station design for the best possible econom 
The fixed charges, however, will remain at 4.5 mils. 

The indications are that if we strive for lower 
costs by the use of more efficient stations, the 
charges per kw-hr. will rise still higher, and the in 
in fixed charges per kw-hr. will more than offset 
decrease in fuel cost per kw-hr. 

The real job which the power station engineer has 
ahead of him is to decrease the fixed charges per kw. 
and to reestablish the proper balance between fuel 
costs and fixed charges. ; 

Certain executives and engineers will, no doubt, 
state that the fixed charges per kw-hr. in the newer 
stations which they are placing in operation, are very 
much lower than the curve indicates in Fig. 2, this 
being for the reason that these newer stations are 
carrying the base load for their system and are opera- 
ting at an extremely high use-factor. Our answer is that 
this is a transient condition. Each new turbine or 
station operates on base load only for so long a time as 
it constitutes the most efficient turbine or the most ef- 
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ficient station generating power for that particular 
system. The curves given in Figs. 3 and 4 tell this — 
story in a very striking manner.. They show that the — 
generating unit is heavily loaded during the second and 
third years of its life, but that from then on the loads 
carried during succeeding years gradually decline. | 
These curves given in Figs. 3 and 4* constitute the 


*The data given in Figs. 3 and 4 was compiled by the!Tur- 
bine and Generator Committee, Association of Edison Tlumi- 


nating Companies, and embodied in the report of thas ¢ Com- | 
mittee for 1923. : 


Noy. 1925 


actual operating history as regards kw-hr. generated 
during succeeding years by 268 turbines ranging in 
size from 750 kw. to 60,000 kw. 


It is perfectly obvious that fixed charges per kw-hr. 
must be determined by taking the total fixed charges on 
a piece of equipment or on a station during its life and 
spreading them over the total number of kw-hr. 
generated by that particular turbine or station during 
its useful life. 


It is of interest to note from Fig. 3, that the average 
unit capacity factor during the 17-year period on the 
268 turbines is approximately 25 per cent. The curve 
of fixed charges given as a part of Fig. 2 was based on 
the assumption that for generating stations placed in 
operation in 1913, the average unit capacity factor dur- 
ing their life would be 31 per cent, and for stations 
placed in operation in 1925, the average unit capacity 
factor would be 36 per cent. The evidence would tend 
to indicate, therefore, that if error has been made, it is 
on the side of showing the fixed charges per kw-hr. too 
low rather than as too high. 


Tendencies in the design of steam generating stations 
may be classified under four heads: 


1. Tendencies which improve the reliability of the power 
station, increase its cost, but do not appreciably affect the 
operating efficiency; for example: 

a. The use of house turbines, auxiliary generators, 
and storage batteries for insuring the auxiliary power supply. 

b. Isolated-phase layout and the use of reactors and 
other protective devices in the switchhouse. 

e. The duplication of auxiliaries, and provision of 
excessive amounts of spare capacity in boilers and turbines. 

2. Tendencies which decrease the coal consumption per 
kw-hr. and increase the cost of the power station; for example: 

a. The use of excessively high steam pressures taken 
together with a single stage of steam reheating during its 
expansion. 

b. The use of pulverized fuel burning equipment. 

e. The use of adjustable speed motors for driving aux- 
iliaries where saving in power consumption at light loads is 
the consideration. 

d. The use of air heaters or economizers usually falls 
in this classification. 

e. The use of an excessively large amount of surface 
in the surface condensers for the main turbines. 

3. Tendencies which decrease the coal consumption per 
kw-hr. and also result in a reduction in the cost of the power 
station and perhaps in the cost of operating labor; for example: 

a. The use of electrically-driven auxiliaries. 

b. The use of moderately high steam pressures without 
reheating. 

e. The use of the highest steam temperatures which 
are possible with existing materials. 

d. The use of large turbines and large boilers. 

e. The use of three or four-stage bleeding for raising 
the temperature of feed water to within 75 deg. or 100 deg. 
of saturated steam temperature. 

f. The use of large mills for pulverizing coal. 

4. Tendencies which add to the cost of the station without 
improving either its reliability or appreciably decreasing its coal 
consumption; for example: 

a. Insufficient care given to grouping of equipment and 
waste space in power station building. 

b. Too many architectural frills. 
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For a particular set of operating conditions, some of 
the examples which have been cited above as falling in 
one classification may really classify themselves under 
an entirely new head. An inspection of the curve 
given in Fig. 2, however, presses home the conviction 
that every tendency which makes for an increase in the 
cost of steam generating stations, and correspondingly 
increases the fixed charges, must be viewed with sus- 
picion. The burden of proof should be on the designing 
engineer to show why the particular feature should be 
embodied in the design. The same line of reasoning 
indicates that the designing engineer should give 
intensive study to those tendencies of power station 
design which hold forth promise of giving lower first 
costs and lower fixed charges, as well as lower fuel costs. 


Now, turning to the field of hydroelectric plant de- 
sign and operation, we find somewhat different condi- 
tions obtaining and no such* revolutionary changes 
taking place as there are in connection with steam sta- 
tion design. There is one definite tendency in hydro- 
electric plant design very similar to that which has 
made itself evident in recent years in steam station 
design, namely, the trend toward the use of larger 
water-wheel turbines and larger water-wheel generators. 
In the main, the objective is not higher efficiency, but 
lower cost per unit of installed capacity. The tendency 
seems to be toward using as large water-wheels as the 
turbine manufacturers can build in single runner vertical 
turbines for the operating head that is to be developed. 
An effort is then made to match this water-wheel turbine 
with a generator which will permit delivering the full 
output of the water-wheel turbine to the station bus- 
bars. Water-wheel type generators of 65,000 kv-a. have 
been built. It is true, however, that these generators 
have been built for special plants, and that only in a few 
cases has a maximum rating of 35,000 kv-a. been ex- 
ceeded. However, the size of generators is entirely 
economically dependent upon the individual case and 
its relation to the size and charging current of the 
transmission lines, if not limited by the maximum 
possible output from the water-wheel turbine. 

In the future, it is going to be even more important 
than in the past to build water-power plants with a low 
first cost per unit of capacity. This must be done if 
the power from water-power plants is to compete with 
power from the larger and more efficient steam genera- 
ting stations. The use of larger generating units is the 
one means that holds forth most promise for decreased 
station costs. Further, with the greatly increased total 
loads in connection with the big power systems, it 
becomes perfectly feasible to install generating units of 
large capacity. The tying of a number of plants into 
the transmission network of a large system makes 
single unit water power developments practical, and 
combined with remote or supervisory control, such 
developments permit a simple layout, resulting in low 
operating expense. This is particularly the case with 
some of the smaller power sites which are relatively 
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close to existing developments. Simplicity of layout 
is very desirable, as it has a direct effect on reduction of 
costs, both capital and operating. The importance 
of this trend toward the use of larger generating units in 
connection with hydroelectric plants has made it seem 
worthwhile to prepare a symposium of the views of the 
engineers of the several different manufacturing 
companies on this particular subject. These state- 
ments are quoted herewith: 

Statement by W. M. White. There are five principal factors 
whick-limit the maximum capacity of hydroelectric equipment. 
These reasons are given below: 

a. Shipping facilities. 

b. Material size limits. 

e. Economical generator speeds. 

d. Manufacturing limits. 

e. Strength and life of parts. 

Shipping facilities are an important factor on many develop- 
ments, the runner being the item most frequently affected. 
Runners for medium and low heads may be sectionalized, but 
this is expensive, and for high heads it is doubtful whether 
sectionalized runners can be made sufficiently strong. Other 
parts of the turbine can usually be sectionalized to accommodate 
shipping, but the runner is usually the limiting factor. 

The sizes of available material is another important limiting 
factor. Shafts must be forged from steel ingots. At the present 
time, the largest ingots obtainable are about 80 in. in diameter, 
so that the shaft flange must come within a reasonable margin 
below this diameter. This factor seems to be one of the im- 
portant points and limits size to about 100,000 h. p. at 200 ft. 
head, or 110,000 h. p. at 300 ft. head. 


Economical generator speed is the most important factor for 
low head developments. The cost per kw. of generator equip- 
ment increases rapidly for speeds below 80 or 90 revolutions. 
Seventy rey. per min. is about the minimum for economical 
generator construction and this fact places the limit at about 
12,500 h. p. at 20 ft. head and 30,000 h. p. at 40 ft. head. 


Incidentally, the runners for large low head developments are 
usually larger than can be shipped in one piece, but propeller- 
type runners can readily be made in several sections so that 
shipping is not the most important factor for low heads. 


Manufacturing limits are another important factor, that is, 
there is a maximum height and diameter of parts which can be 
handled with present shop tool equipment. Larger tools can 
be designed and constructed, but with the limited use for such 
equipment there is a question as to whether or not this is econom- 
ical. At the present time, most of the manufacturers of hydro- 
electric equipment are able to handle diameters up to 28 or 30 ft. 
and heights of from 10 to 12 ft. Without exceeding these 
limitations, it is possible to build units for about 52,000 h. p. 


at 70 ft. head, 70,000 h. p. at 100 ft. head, and 90,000 h. p. at 
150 ft. head. 


Strength and life of parts is another important factor limiting 
the maximum capacity of hydroelectric units. For high head 
developments, the question of penstock material is sometimes 
a limiting feature and practically limits us to 100,000 h. p. 
capacity under 2000 ft. head and 60,000 h. p. capacity under 
1000 ft. head. These turbines would be of the impulse type. 
For heads between 800 and 400, the question of strength and life 
of the runner is an important factor. Pitting occurs more fre- 
quently under these high head conditions and it is, therefore, 
advisable to make the diameters larger in order to decrease the 
relative velocities in an effort to decrease this pitting. Smaller 
runners of higher specific speeds could deliver the same h. Dir 
but their life and strength is questionable and in all probability 
they would pit seriously in a short time. These factors seem to 
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indieate that 110,000 h. p. is the upper limit for heads of 400 to 
800 ft., using the reaction type of runner. 

These limitations are based not on a consideration of eith 
hydraulic equipment or electrical equipment alone, but on a 
combination of the two as a hydroelectric unit. Undoubtedly 
turbines of larger capacity could be constructed for heads below — 
100 ft. and generators of larger capacity for the high heads, but 
considering the combined hydroelectric unit, the values given 
represent the upper economical limit. ae 

Statement by E. V. Gibbs. The curve shown on Fig. 5 indicates y 
the maximum h. p. capacity for which it is possible to build — 
water-wheel turbine units for heads ranging from 20 ft. to 600 ft. — 
The specific speed, corresponding to the different heads, is also — 
shown in this same figure—No. 5, and the formula for the specific — 
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speed at 1 ft. head is given. At the present time the maximum 
h. p. curve is considered the maximum output of a single runner 
turbine unit under the corresponding turbine head. 


From any given head up to 600 ft., a specific speed from the 
curve can be found, thus leaving two unknown factors in the 
formula to be determined, viz., the speed and power. Hither 
one of these unknown factors will have to be assumed under the 
given head, and this reduced to an equivalent at 1 ft. head by 


using the formula for speed which varies as the square root of the — 
head. | 
J a 


The h. p. under the given head can be reduced to the equiva-_ 4 
lent at 1 ft. head by the formula that h. p. varies as the square 
root of the cube of the head. If it is desirable to obtain the 
speed of the maximum unit under the given head, take th oa 
h. p. from the curve for maximum h. p. shown.on Fig. and 


figure the same way to obtain the proper speed. While i 


possible to build a turbine to operate under a 1000 ft. hy 


Sater 


a number of years the formula, 


= 


o 


f specific speed beyond values given by the latter formula, but 


ee ee 
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field for pressure turbines under’ this high head needs further 
exploration before it would be wise to recommend them. 

Statement by R. V. Terry. Relative to maximum h. p. of 
hydraulic turbines, the Newport News Shipbuilding and Dry 
Dock Company is prepared to build for different operating 
speeds and heads: 

Since specific speed, VN; = ae E. the maximum power 
ieee 
Vi 4 
(P) for a given speed (N) and head (H) will depend upon the 
maximum specific speed selected for the particular head in 


5050 
The so-called Experience Curve, Ns = : 


=——— + 19 
rin? 


question. 
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in working up data for this report, a maximum specific speed for 


632 


Vi was used. 


a given head equal to 


Fig. 6 shows the maximum specific speed, maximum power and 
maximum speed for a given power that is proposed, using the 
head as a starting point. If the maximum power for a given 
speed and head is desired, this can be obtained from Fig. 6 or 


6322 13/2 


directly from the formula, P maz= — n2 Fig. 7 shows 


the formula in graphical form. In using the formula, one must, 
of course, bear in mind the limitation of power for a given head 


has been used in the past. This curve gives values of N, toolow due to physical dimensions and shipping facilities. This 
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WATER-WHEEL TURBINES DersIGNED FOR DIFFERENT OPbRATING HEADS 


for heads from 10 to 450 ft. and too high for 450 to 1000 ft. 
Specific speed should not be used as an absolute basis for the 
selection of the maximum head; other factors, including the 
draft head, should be given due consideration. However, for 


has been used for the 


Iaximum specific speed to which ‘it is possible to go, except 


_ under expecially favorable conditions as to low draft head. A 


few installations of the propeller type have been made with 


‘may be considered experimental installations. Therefore, 


Company is prepared to build turbines as physically large as 
can be conveniently transported and erected. 

A lower value of specific speed than that given above may be 
assumed for a given head. This simply means that for a given 
unit there is a certain choice of speeds. However, as stated 
previously, the power for a given head and speed will be higher, 
the higher the specific speed selected. 

Statement by T. A. Worcester. With the larger units, the 
first cost, including building and operating cost, is less per kv-a. 
than with the smaller units. There is a physical limitation, 
however, to the size of units which can be built with present day 
materials and types of construction; and the kv-a. capacities 
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vary with the speed of the units. These maximum size units 
are approximately as follows: 

10,000 kv-a. at 720 rev. per min. 


20,000 “ “ 600 r 
30,000 “ “ 514 : 
55,000° * “ 400 Ss 
80,000 “ “ 300 - 
10,0007 200 i 


This table might be carried to lower speeds and larger sizes. 
For instance, it is theoretically possible to build a 180,000 kw. 
machine at 100 rev. per min., but it is questionable if it is at all 
desirable to put so much capacity in a single unit. 

The 1924 water-power devel- 
investi- 


‘ Statement by F. C. Hanker. 


opments have been characterized by studies and 
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This tabulation assumes that the more usual conditions 
cycles, 13,200 volts, 80. per cent overspeed, and normal flyw 
effect apply and that standard commercial material is employ; 
At speeds below about 300 rev. per min., the physical dimen 
of parts became a limiting factor. Low speed water- 
generators are probably the largest pieces of material with 
the electrical industry has to deal. When the dimensions bece 
so great that special shop space and shop tools must be pro 
for the machine operation, the entire expense of this spe 
equipment must be borne by such a relatively small num 
machines that the cost becomes prohibitive. At the preser 
time, the largest machine tools in this country will aceommodat 

a frame bore (which is the same as the outside diameter of the 
armature punchings) of not more than 37 ft. This limi 
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gations of a number of very large water-power developments in 
the north and northwest parts of the country. These develop- 
ments have involved consideration of water-wheel] generators 
approaching the limits of commercial design. The following 
gives an approximate tabulation of the economic design limita- 
tions of vertical water-wheel generators at the present time: 


5,000 ky-a. at 720 rev. per min. 


12,000 « * 600 « 
40,000 “ « 514 “ 
45,000 « « 400 “ 
70,000 “ « 300 « 
100,000 « « 200 « 
75,000 “ « 100 


limitations are reached before the transportation limi 


’ 
dimension has been approached by the ratings ‘given in 
above table for speeds below 300 rev. per min. It appear 
probable that these limiting conditions will be reached 
water-wheel generatorsin thenear future. ‘In general, m 
become a serious factor since the generator can be separ: 
parts and a large amount of the assembling done in the DOV 
house location if necessary without greatly increasing ove 
expense. a 


TREND OF MopERN PRACTISE 


The manufacturers seem to feel that | 
generating stations are growing in importan¢ 3 
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together with the majority of the operating men, feel 
that the complete automatic hydroelectric station is 
limited to the smaller sizes, there being two different 
reasons for this: In the first place, as the size of the 
installation increases, the complexity of the operating 
conditions determining the amount of power to be 
supplied from the station also increases, this being 
something that is controlled, not by the station itself, 
but vather by system conditions; also in important 
installations, considerable judgment on the part of the 
load dispatcher is required for the best system operation, 
which cannot be supplied by any automatic station 
equipment. In the second place, there is no entirely 
satisfactory way of supplying the initial starting im- 
pulse for the control of the full automatic station. 
Voltage conditions which are satisfactory in railway 
stations will not do; drop in frequency is not satis- 
factory; so that, generally, the water level appears to be 
the most satisfactory means of control, and this very 


_ materially limits the scope of the automatic station. 


However, automatic stations with supervisory or 
remote control are quite different and developments 
along this line have been very rapid. Stations with 
three generating units and with capacities up to 10,000 
ky-a. are now so controlled; several stations of 25,000 
ky-a. with this type of control are under consideration. 
This type of control permits the operation of stations 
with fewer men and gives these men greater freedom to 
leave the operating floor to attend to duties at the head 
gates or in the switch yards. 

A somewhat different phase of automatic operation 
has been proposed by one of the members of this Com- 
mittee, who points out the advisability of having a unit 
or units in a given power plant controlled by a gate 
mechanism of another unit or units in the same station. 
Tn other words, the plan of operation consists in starting 
and stopping units automatically and from the gate 
motion of other units, so that the gate controls of all 
units are kept within the efficient range and probably 
within narrow limits where maximum efficiency is 
obtained, depending upon the number of units under 
such control. 

While there has been a definite movement toward 
outdoor substations and the location of all oil switches 
and transformers outdoors, progress in the matter 
of putting generating equipment outside has been very 
slow, the difficulty being, apparently, to provide suit- 
able housing in case it is desired to dismantle a gen- 
erator. However, several stations have been built 
with a very low superstructure with an outside gantry 
crane and with movable roofs over the individual gen- 


- erators, which can be rolled back so that the gantry can 


be used to dismantle any particular unit. 
A noticeable tendency in connection with hydro- 
electric plants constructed in the west during the last 


_ two or three years, has been the trend toward more 
_ permanent construction. 


Many of the earlier installa- 
_ tions used open conduits. On all important develop- 
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ments now being made, these open conduits are being 
superseded by tunnels. Pipe lines that were for- 
merly placed in trenches are now being placed 
entirely above the ground and earried in concrete 
saddles. The larger amounts of power that are being 
transmitted call for higher voltages, which in turn call 
for types of construction that are far more lasting and 
dependable than the wooden pole lines formerly used. 

In the matter of station auxiliaries, there is con- 
siderable tendency to get away from direct-connected 
exciters on the main generator shaft, making the main 
generators easier to dismantle and reassemble. In 
the matter of excitation, many stations use a com- 
bination of a waterwheel and a-c. motor coupled to the 
same d-c. exciter, so that if one of the prime movers 
fails the other will continue to drive the exciter. 

Several new European types of high-speed turbine 
runners are coming on the market in America... These 
appear to have considerable promise on account of their 
high efficiency. 

There are instances this year of the use of babbitted 
bearings on vertical shaft turbines in place of lignum- 
vitae bearings to reduce maintenance expense. 

Increased use of motor-driven, flyball governors is 
noticeable. 

A subject which has received special study by both 
operators and manufacturers during the last year is the 
pitting of turbine runners, both as to the exact nature of 
the pitting, cavitation or corrosion itself, and as to the 
causes thereof. The three principal causes of pitting 
are believed to be excessive draft head, excessive specific 
speed and poor design. There is considerable differ- 
ence of opinion as to the relative importance of these 
causes.. The drive for high specific speeds in the last 
few years is blamed by some for the recent increase in 
pitting troubles. 

A subject that has accasioned considerable discussion 
is the omission of governors from hydroelectric units, 
particularly when operating in large interconnected 
systems. The suggestion that governors be omitted 
in such cases except as safety shut-down devices, has 
met with considerable opposition among operating men. 
The proper design, characteristics and functioning of 
governors for hydroelectric units operating in parallel 
with steam electric units, are questions which are now 
receiving intensive study. 

In the case of low head-water power developments on 
streams with widely fluctuating flow, there is an in- 
creasing tendency to secure the maximum possible 
output under existing limitations of property and flow- 
age rights by the use of crest gates or movable dams of ~ 
various types. 

A considerable amount of experimental work has 
been done on draft tubes, but there does not seem to be 
any general agreement as to which type is the most 
satisfactory. Those which apparently indicate the 
highest efficiency are usually very much more expensive 
to build. It is in connection with the low head installa- 
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tions that the greatest care must be taken in the design 
of the draft tube. The great activity in draft tube de- 
sign in connection with low head plants has been 
brought about by the increased specific speed of units 
wherein a greater percentage of energy is discharged 
from the runner. It seems unlikely that lower spe- 
cific speeds will be adopted, but, on the contrary, more 
likely that an effort will be made to adopt higher ones, 
so that the problem of the draft tube will be with the 
Committee for sometime to come. It seems inevitable 
that-some type of draft tube providing radially expand- 
ing passages must be adopted to best preserve the 
whirling energy from the high specific speed runners. 
It is important, however, that methods be developed 
whereby these draft tubes may be installed at moder- 
ate cost. 
CONCLUSION 

Much of the subject matter of this report falls more 
specifically within the scope of the American Society of 
Mechanical Engineers than of the Institute. We feel, 
however, that the members of the American Institute of 
Electrical Engineers should have called to their atten- 
tion the trends in the art of power station design and 
operation. With this thought in mind, this report has 
been prepared, and deals not with details of design and 
operation, but with tendencies and trends. We had 
this same purpose in mind in scheduling one session of 
the Spring Convention at St. Louis for a symposium 
dealing with power station design. Certainly those of 
our members who are associated with companies 
generating large blocks of power, cannot afford to lose 
touch with the field of power station design and 
operation. 

For those of our members who care to delve deeper 
into detailed discussions of the subjects briefly referred 
to in this report, we recommend a careful reading of the 
reports of the Prime Movers Committee, the Electric 
Apparatus Committee, and the Hydraulic Power 
Committee, of the National Electric Light Association. 
We also commend to your attention the wonderfully 
interesting series of papers presented at the World 
Power Conference in London. The papers presented 
before this Conference covered in an authoritative 
manner practically every problem of interest to the 
power station engineer. 

A subcommittee of your Power Generation Com- 
mittee, under the chairmanship of Mr. A. R. Smith, is 
working on a specific problem which we think is of very 
definite interest: There is a lack of common terminology 
and well-defined terms in the discussions which are 
heard, from time to time, dealing with power station 
operating costs and performance. It is felt it would be 
very much to the advantage of the industry that all 
should speak a common language. This Committee is 
trying to set up a reasonable terminology and definition 
of terms which will have the best chance of acceptance 
by the engineers who have occasion to discuss the mat- 


LATEST DESIGN AND PRACTISE IN POWER PLANTS 


J ournal A 


ters referred thereto. It is not the thought of 
Power Generation Committee to attempt to impose 
set of definitions on the engineers of other societies 
also have very vital interest in discussions dealing 
power station design and operation. It is our p! 
call the importance of this matter to the attenti 
other committees working in this same field, and 
cooperating with the members of these other ¢ 
mittees, we hope to arrive at a set of definitions of te 
which will be acceptable to all.! 


TRANSMISSION OF PICTURES NOW O a 
COMMERCIAL BASIS 


The adding of telephotographic service to commer 
communication facilities has recently been announcec 
by the American Telephone and Telegraph Compara 7 
Picture transmitting and receiving apparatus has been 
permanently installed at New York, Chicago and San 
Francisco where public offices have been opened to 
accept material for such transmission. a 


The field of usefulness for telephotographaa service 
appears to be widespread. To engineers the possibility F 
of transmitting drawings and designs has a particular 
appeal. Sketches of machinery or any type of construc- — 
tion, made up in both line and pictorial fashion, would ~ 
quickly convey information where a written description © 
of a long and difficult character might otherwise be 
necessary. q 


Faesimiles of original messages and documents, ‘aliekt 
as autographed letters, legal papers and signatures, and — 
messages in foreign languages, might be transmitted to — 
great advantage for bankers, accountants, lawyers and — 
real estate dealers. The system has also been used for 
the dissemination of advertising copy carrying consider- — 
able of the pictorial element, where speed has been an 
important factor. 


Interesting experiments in the transmission of angels ~: 
prints and quick identification of criminals were made _ 
by the Identification Bureau of the New York Police — 
Department for the International Police Conference, 7 
held in New York, May 12-16, 1925. 

The broad principles of picture transmission have 
been recognized for years. Their reduction to success- 
ful practise required, among other things, perfection ot 
methods for the faithful transmission of electrical s 
over long distances and the development of 
apparatus and methods which have become a part of th 
communication art only within the last few 
Prominent among the newer developments which j 


ne use of carrier current. None of the syste 
fore devised have been sufficiently developed tc 
the requirements of modern commercial erv 
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‘The 60-Cycle Distribution System of the 


Commonwealth Edison Company 
BY W. G. KELLEY: 


Member, A, I. E. E. 


Synopsis.—The pur pose of this paper is to describe the Common- 
wealth Edison Company's 60-cycle distribution system. Energy 
for this System is generated in five stations and transmitted at 
12,000 volts, three-phase, to manually-operated and remote-control 
substations, the operation of the remote-control substations being 


under the control of the manually-operated substations by means 


of control wire and selector switch operation. The larger cus- 
tomers are supplied by means of industrial substations located 
upon their premises and fed from 12,000-volt, three-phase, wnder- 
ground loop circuits; the general load is supplied by means of 
2800/4000-volt, three-phase, four-wire radial circuits from the 
various manually-operated and remote-control substations. 


The generator capacity was 420,000 kv-a. and the maximum 
load 379,000 kv-a., as of January 1, 1925, for the €0-cycle portion 
of the system, exclusive of lead carried upon the 25-cycle and 
d-c. portions of the plant. 

Reliability of service is provided by relay-controlled oil switches, 
current-limiting reactors, duplicate supply lines, and tie points 
for interconnection of different parts of the system. 

The rapid growth of load density in some sections of Chicago 
will soon necessitate modification of the present distribution system 
by either an increase of distribution voltage or an increase of circutt 
capacity. The advantages and disadvantages of the two proposed 
new systems are now under consideration. 


HE present 60-cycle distribution system of the 
Commonwealth Edison Company, like many 
others, is the result of the consolidation of a number 


_ of independent systems and the subsequent modifica- 


tions to meet the growing demands of load. Prior 


to 1898 there were a number of independent plants 


operating in different sections of the city, employing 
various systems from 1000 to 2200 volts, 60 to 133 
cycles, and d-c. series are circuits. 


As these various systems were consolidated they were 


changed to 60 cycles, alternating current, with 2300- 


volt primaries, and 115/230-volt secondaries. 


As the majority of the energy was then used for 
lighting purposes or for small motors, two-wire, single- 


_ phase circuits were adopted, having manually-controlled 


_ regulators. 
found necessary to distribute three-phase service in 


As larger power loads developed it was 


_ order to limit the fluctuations in voltage and resulting 


disturbances upon the single-phase circuits. 


Three- 
phase, four-wire, 2300/4000-volt power circuits without 


_ regulators were therefore installed, paralleling lighting 


circuits where necessary to serve the larger power loads 
temporarily. 

After a short experimental period the separate light 
and power circuits were combined into three-phase, 
four-wire circuits serving both light and power, thereby 
taking advantage of the diversity factor between these 
loads. Three automatic, single-phase regulators were in- 
stalled, one upon each of the phase wires of the circuit 
controlled by three contact-making voltmeters and line 
drop compensators. A neutral compensator was in 
some cases found necessary in addition to the phase 
compensators due to the fact that the circuit covered 
a large area, the three phases being regulated for 
different points, with a resultant unbalance which could 
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Presented at the Pacific Coast Convention of the A. 1: E. £., 
Seattle, Wash., Sept. 16-19, 1925. — 


not be adequately compensated for without the unit in 
the neutral. 

The original 60-cycle feeders from the stations to the 
points of distribution were, in general, built overhead 
upon streets, as these furnished the most direct and 
economical routes. However, the city being adequately 
equipped with alleys, there developed a public demand 
for the removal of the poles from the streets to the alleys 
and the elimination of the duplicate pole lines of the 
power and signal companies. Underground conduit 
systems were therefore installed radiating from the 
generating stations and substations and the main 
feeders were placed underground in the streets, being 
brought up in the various alleys and connected to the 
overhead lines. The overhead lines were, in the major- 
ity of cases, built jointly with the signal companies and 
the power wires restricted to those necessary for local 
distribution. As the load density and the demands of 
individual customers increased, additional substations 
were built and the larger customers were connected 
to the transmission system, industrial substations being 
built upon the customer’s premises. 

The electrical energy is generated by steam-driven 
turbines, the coal being transported from the Illinois 
fields to Chicago and used in the five generating sta- 
tions, shown on Fig. 1. These stations are all located 
upon the Chicago River, Calumet River, or Sanitary 
Canal, in order to have water accessible for condensing 
purposes. Energy is generated at both 25 and 60 
cycles, the 25-cycle energy being used to supply the 
d-c. substations in the central section of the city and the 
substations for the elevated and street railway com- 
panies, and the 60-cycle energy being used for general 
distribution outside of the d-c. district in the center of 
the city. The combined generator capacity of the two 
systems was, on January 1, 1925, 847,000 kw., and the 
coincident maximum for the winter of 1924 and 1925, 
was 700,000 kw. 

The new generator units are built for 60 cycles, of a 
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capacity of from 50,000 to 60,000 kilowatts, and the 
annual growth is now being taken care of on the 60- 
cycle system. 

The purpose of this paper is to describe only the 60- 
cycle distribution system, and figures given refer only 


Howael 
O° 
DEVON 
| evn |mawe, } e 
a TS | 
| Laws ence 
- 
| e > 
e Az 
1@ ieving Px. m 
| 
| Oo 
Wk | Pf o 
IBELMONT| 
3 | e 
a | 
Ei _froue p 
Fi A 
Z 3 § | fe) (e) 
S| ¥ 
Zz ORTH UI} e 4 
# 
e) 
e | ad 
CHICAGO | 
z ) o = 
| 
o_o - 
e ° 
ROOSEVEL R —< 
T a 
tole 
0 e (e) Fa 
> 
p a 
] 
| | 
resins | @ 
ih SPs pa T 
| 
ars_| | Ne 
es a ee ° 
T ] ° 
| | 58 
| | | C) fo) 
| te | _» 
cst / ie) 
zits a ® Si) 
Poke | e 
-- 
S| cea eRe 2 eee ce. fae 1 
Fi 5 § Og Fy Zi 
5 2 Zz a 2 
| q i 
ose 3 2 3 
i io: 
oan. 5 a}. 
oct. 
wr | e By 
—KEY = ‘ue 
WB GENERATING STATIONS use Fs . 
@ ATTENDED SUBSTATIONS > Fi £ 
© REMOTE CONTROL SUB-STATIONS erm 7 : 
JAN. 1=1925 isan 
2 
2) 
ES 


Fie. 1—Location or GENERATING STATIONS AND SUBSTATIONS 


to 60-cycle load and do not include any of the generating 
transmission or distribution systems for the 25-cycle 
and d-c. portions of the plant. 

The combined 60-cycle generating station capacity 
was 420,000 kw. as of January 1, 1925, and the 60-cycle 
coincident maximum for the winter of 1924 and 1925; 
was 379,000 kw. 

The generating stations are inter-connected by 33-kv. 
tie lines and are further connected by 38- and 132-kv. 
tie lines on the north, south and west of the city, to 


other companies operating outside of the city. These 


tie lines facilitate the interchange of emergency power 
and permit the more economical use of the various 
generating units. All of the 60-cycle energy is gener- 
ated at 12,000 volts, three-phase, and is transmitted 
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at this voltage to the various manually-operated 
stations in the district surrounding the station. 
manually-controlled substations distribute a part of ' 
energy at 12,000 volts, three-phase, to the indust 
substations where it is reduced to the utilization volt 
and delivered to the customer. The manually-e 
trolled substations also transmit energy at 12,000 v« 
to remote-control substations, and energy is t 
distributed at 2300/4000 volts from both the manua a 
controlled and remote-controlled substations. 
The relative location of the generating stations and 
the two types of 60-cycle substations, are shown in 
Figal. 
Each manually-controlled substation is fed direct 
from the generating station, by means of two or mo re 
transmission lines, the number of such lines being 
dependent upon the load on the substation. The com- 
bined capacity of the transmission lines to a single 
substation or a group of substations connected by 12,000- 
volt tie lines being always sufficient in the event of the 
failure of one of the lines to carry the substation load. 


BBGENERATING STATION 
@ ATTENDED SUB-STATION 

O REMOTE CONTROL SUB-STATION 
al2 KV. INDUSTRIAL SUB-STATION 


Fie. 2—Typrcan ARRANGEMENT OF TRANSMISSION Lings: 


BETWEEN STATIONS AND SUBSTATIONS 
i 
These transmission lines from generating station ‘ 
the substation, are, where possible, routed in | 2 
conduit lines either upon different streets or in separate ee 


lines upon the same street in order that-a failure of one 
line will not involve the other lines. These transmissi 
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fines are composed of three-conductor, 500,000-cm., 

: paper-insulated, lead-covered copper cables having a 

~ nominal rated summer capacity of 7500 kv-a. and winter 
eapacity of 9000 kv-a. 

The larger industrial customers are supplied with 
12,000-volt, three-phase service by a loop circuit from 
the manually-operated substation, this loop circuit 
being lead-covered cable installed entirely underground, 

4\ 
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Fie. 3—Line Diagram or 12,000-Voitr Bus CONNECTIONS FOR 


MANUALLY-OPERATED SUBSTATION 


and the industrial substation being located upon the 
ecustomer’s premises. 

As the growth of the load justifies, remote-controlled 
substations are built, thus reducing the length of the 
2300/4000-volt feeders, effecting more economical 
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_ Fic. 4—Symponts usep 1n Accompanyinc Bus D1iaerams 

distribution and substation operation. As the number 
4 of substations increases with a resulting decrease in the 
length of 2300/4000-volt feeders, it may be possible to 
eliminate the separate regulators on the circuit and 
depend upon the regulation of the transmission system 
or upon the regulation of the 2300/4000-volt bus at the 
substations. These substations are under the control 
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of the operator at the manually-operated substation 
by means of multiple-conductor-control cable and 
selector switch operation. At present approximately 


30 per cent of the 2300/4000-volt load is carried on the 
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Fic. 5—Line Diacram or Bus CONNECTIONS FOR A REMOTE- 


CONTROL SUBSTATION 


remote control substations. A typical arrangement of 
12,000-volt, three-phase, 60-cycle lines from generating 
station to substations and industrial substations, is 
shown in Fig. 2. 


Fig. 6 Recmeron VIEW OF iavond Co SUBSTATION 


A line diagram of the 12,000-volt bus, switch and 
transformer connections in a manually-controlled sub- 
station, is shown in Fig. 3, and the key for the symbols 
in Fig. 4. There are three main incoming lines from 
the generating station, two lines of the loop to the re- 
mote-control substations, two lines of the loop to the 
industrial substations, one emergency tie to an adjacent 
manually-operated substation, and the transformers 
for supplying the 2300/4000-volt bus. The 12,000-volt 
bus is divided into three sections, inter-connected 
through oil switches, and the transformers and 12,000- 
volt lines are connected to the bus through oil switches. 
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In case of emergency, the 12,000-volt bus can be sec- 
tionalized, each section operating as a unit with its 
incoming line’ and connected load. The transmission 
lines from the generating stations to the manually- 
operated substations are protected at the generating 


Seat 
Fig. 7—ExtTerionk View OF REMOTE CONTROL SUBSTATION 
SHOWING TRANSFORMER ENCLOSURE 
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AND Bus Room, InpusrrraL SuBSTATION 
station by oil switches, over current induction type 
relays, with inverse time element and current limiting 
reactors having a reactance of 0.5 of an ohm. These 
transmission lines are also protected at the substation 
by oil switches and power-directional induction-type 
relays, with inverse time element. The 12,000-volt 
lines from the manually-controlled to the remote- 
controlled substations are protected by current-limiting 
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reactors at the manually-operated substation, having a 
reactance of 1.2 ohms and by oil switches having over- 
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Fre. 12—2300/4000-Voxir Swircu Room In SUBSTATION 
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ment. In addition to this protection, each section of — 
the loop between substations is protected by balanced 
relays, there being oil switches at the remote-controlled — 
as well as at the manually-operated substation. _ 
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The 12,000-volt industrial loops are protected at the 
main substation by current-limiting reactors having a 
reactance of 1.2 ohms and by oil switches controlled by 
over-current induction type relays, with inverse time 
element. In addition to the protection, there are 
oil switches on the two terminals of the loop at each 


‘industrial substation, and each section of the loop be- 


tween substations is protected by balanced relays, with 
the exception of the section marked A, Fig. 2, located 
in the central section of the loop. On this central 


1! | 
13—TRANSFORMERS AND 2300/4000-VoLtr RrGuLATORS 
IN SUBSTATION 


Fig. 


section the balanced relays are replaced with power- 
directional relays, these relays being adjusted so that 
they will not open upon the reversal of the normal load 
upon one end of the loop should one of the substation 


@ ATTENDED SUBSTATION 
O REMOTE CONTROL SUB-STATION 
© PHASE CENTER (A,B, or C) 


Fig. 14—Typican Diagram or 2300/4000-Voir FrEpErs 


switches open, but having a setting which will open and 
disconnect one-half the loop in case of trouble which 
has failed to operate the balanced relays. This will 
allow the remaining half of the loop to continue in 
service. The directional relays also protect against a 


failure of section of cable between them. 


A line diagram of the bus connections for a remote- 


! controlled substation is shown in Fig. 5. 


; 
/ 
; 
> 
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The 12,000-volt bus is divided into two sections and 
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provided with disconnecting clips so that the two sec- 
tions may be carried independently orin parallel upon one 
or both lines. Two transformers are installed between 
the 12,000- and 4000-volt busses, and disconnections 
are arranged upon these connections so that the trans- 
formers may be run in parallel or separately with the 
4000-volt load divided between the transformers or 
entirely upon one of the transformers. Two exterior 
views of this type of substation are shown in Figs. 6 
and 7. 


Fre. 15—ARRANGEMENT OF 2300/4000-V ott CrrcurTs SHOWING 
Trz CONNECTIONS 


A line diagram of the bus connections for an industrial 
substation is shown in Fig. 8, the two incoming lines 
being looped through the main bus and the transformers 
delivering energy to the customer arranged so that they 
may be fed from either one of the two lines, or from the 
loop. If either line opens the customer will receive 
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energy from the other line. The switch and trans- 
former rooms for this type of substation are shown in 
Figs. 9 and 10. 

A line diagram of bus conenctions for the 2300/4000- 
volt side of a substation is shown in Fig. 11. There are 
two main busses so arranged that a circuit may be fed 
from either of them. Disconnecting and grounding 


-Vinw or 2300/4000-V out V aur SHOWING SwircHING 
TERMINAL AND TRANSFORMERS 


Hie. 16 


clips are provided so that any set of regulators may be 
taken out of service for repairs, the circuit being carried 
directly on the bus or through a spare set of regulators 
and the transfer bus. Each circuit is protected by an 


Mia. 17—2300/4000-Vo.r, Dovsin-Turow Om Swircn 
oil switch and an over-current relay with the setting 
adjusted to protect against short circuit. 

A typical diagram of 2300/4000-volt feeders radiating 
from a substation and its two dependent substations, is 
shown in Fig. 14. Feeders of these circuits are com- 
posed of four-conductor No. 0, lead-covered, copper 
cable, the A, B and C phase being regulated for various 
points upon the feeder so as to give an equitable dis- 
tribution of voltage over the entire circuit. The 
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- various substations. 


switches and regulators for this type of substatio: 
shown in Figs. 12 and 13. . 

The neutral points of the transmission systems 
grounded at the generating stations and the neu 
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Fig. “18—Line Draaram or Bus Connections in 2300/4 000- 
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points of the 2300/4000-volt system are grounded at t 
The entire operation of th 
tem is under the control of a load ri 


ary service in case of line intermiptons are ce 
under his supervision. aa 
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| sUnder the system of distribution described, provision 
is made for reliability of service on the 2300/4000-volt 
busses by spare transmission lines and by spare trans- 
former capacity, and likewise at the customer’s indus- 
_ trial substations by loop lines. The 2300/4000-volt 
systems being radial, provision must be made upon the 
mains for emergency service in case of failure of one of 
_ the feeders. This emergency service is provided by 
installing ties between adjacent circuits either from the 
same substation or from adjacent substations. These 
_ tie points are provided with disconnecting potheads 
_ which may be closed or opened while energized, and 
in ease of the failure of one circuit, the load upon this 
circuit is divided up and transferred to the surrounding 
circuits. 

Fig. 15 shows the underground feeders and overhead 
mains for four circuits with the tie points between these 
circuits and adjacent circuits. 

The entire system now comprises about 385 circuits of 
this type, having a rated winter capacity of 1200 kv-a. 
per circuit. 

The current on the No. 0 underground cable was 
formerly limited to 150 amperes per phase, but experi- 
ence has shown that, for this system, a winter load of 200 
amperes per phase can be economically carried. 

The circuit or line transformers vary in size from 5 
to 150 kv-a. and are, in the majority of cases, installed 
upon poles and connected to the overhead mains. 

Where facilities are not available to install 2300-volt 
transformers upon poles, these are placed in fireproof 
vaults on the customer’s premises. Two independent 
sources of supply are usually brought into the customer’s 
vault in lead cable from the underground system, and 
manually-operated oil switches are installed with the 
operating handles upon the outside of the vault. Upon 
the failure of the normal source of supply, the customer 
can, upon notifying the load dispatcher, transfer his 
load to the emergency line and thus restore service. 
These vaults are provided with ventilating ducts, 
lighting system, and sufficient space so that any one 
of the transformers may be replaced without disturbing 
the rest of the equipment. 

A typical view of the interior of the 2300/4000-vault 
with the equipment is shown in Fig. 16. The switches 
shown in this cut consist of two separate single-pole, 

_ four-conductor oil switches manually interconnected, 
___ which have since been superseded by a four-pole, double- 
throw oil switch with disconnecting and switching 
: 


device incorporated with it, as this gives more flexible 

operation and reduces the necessary space and the 

amount of equipment in the vault. An external view 
_ Of this switch is shown in Fig. 17, and a line diagram of 
the connections in Fig. 18. 

The cables are brought directly into the potheads on 
_ the sides of the switch, and disconnecting bars are pro- 
_ vided at the top of the switch so that the load may be 
_earried directly upon the cables and the switch dis- 
connected for repairs or inspection. The 2300/4000- 
volt system on January 1, 1925, was serving 682,500 
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customers, there being connected to it 26,700 trans- 
formers of an average size of 19 kw. and 380,000 service 
connections to buildings. 

A typical average winter and summer day-load for a 
substation is shown in Fig. 19, the difference between 
the 6 p. m. loads being due in part to daylight saving 
time and in part to the difference in hours of daylight. 

The total connected line transformers, in kilowatts, 
the total noncoincident maximum on the 2300/4000- 
volt circuits and the coincident maximum for the entire 
2300/4000-volt systems, for the years 1917 to 1924, are 
shown in Fig. 20. 

The difference between Curves No. 1 and No. 2 and 
Curves No. 2 and No. 3, is due to the diversity between 
the residence, business and power loads upon the various 
transformers and circuits. 


The rapid growth in load density in some sections of 
Chicago, will, in the near future, necessitate some 
modification of the present distribution system in these 
sections, either by the transfer of load to 12,000-volt 
loop circuits or by increasing the capacity of the 
present 2300/4000-volt circuits. If the heavily loaded 
districts are transferred from the 2300/4000-volt to the 
12,000-volt system, the primary lines will have to be 
installed underground with the transformer installa- 
tions in manholes or upon customers’ premises. If the 
capacity of the present 2300/4000-volt circuit is in- 
creased, the voltage remaining the same, the distrib- 
uting mains may remain above ground, and the cir- 
cuits may continue to be worked upon while energized. 
The economic size of circuit for the present load density 
in these sections is in the neighborhood of 2000-kv-a., 
the feeder cables being composed of 350,000-cm. 
cable. Detailed studies of this problem are now being 
made to provide for the future growth of the system. 


MERCURY CONTACT FLASHER FOR 
ELECTRIC WARNING SIGNALS 

A new type of mereury contact flasher, designed for 
lighting devices for warning and controlling motor 
traffic has recently been put into service. 

The mercury flasher consists essentially of a vacuum 
tute of special shape enclosing a steel plunger and a 
quantity of mercury. 

When connected in an electrical circuit, the current 
flows through the operating coil and lamp. ‘The 
current in the solenoid operates a plunger causing a 
difference in level of mercury between the two sec- 
tions of the tube which alternately makes and breaks 
the current through the lamp. 

The flasher is enclosed in a metal case, and may be 
mounted either in the base or in the casing of orna- 
mental standards or mounted on wood poles and used 
with overhead fixtures. By rearranging the connec- 
tions the flasher can be used as a relay for the control 
of street lighting circuits. The contacts are capable 
of breaking 30 amperes continually. 


Distribution Practises 


BY R. E. CUNNINGHAM?! 


Associate, 


HE conditions under which electric service is 
furnished in Southern California differ somewhat 
from other sections of the country. The pumping 

of water for irrigation has created a demand for electric 
power throughout the rural districts. Lines extended 
for that service have made electricity available for 
domestic purposes which, in themselves, would not 
have justified the extension of the lines. Records show 
at the electric development which has taken place 
under these conditions has resulted in a use of electric 
energy per capita per annum exceeding any other com- 
in the United States, comparison being as 


th 


munity 


follows: 


Average for whole United State s450 Kw-hr. per capita per annum. 
Pennsylvani Se “ « 
New Yo 715 + ae ” 
Washin 950 « « a P 
California 1230 « « “ 95 


In this same connection the per cent of farms which 
are supplied with electricity in various States is 
interesting: 

The Province of Ontario 
New York 


2.16 per cent 


& 


Sateen. ae 5 per cent 
Pennsylwania..:c 9725-400 pee 4.5 per cent 
California. . OOP erie es - 3.5. per cent 
Southern California............. 4.5 per cent 


Analyses of rate schedules, both lighting and power, 
indicate that rates in Southern California, are approxi- 
mately 35 per cent less than rates in eastern centers. 

As the costs of distribution form a large part of the 
final charge to the consumer, the purpose of this paper 
will be to set forth, in general, the practises followed in the 
construction of the distribution system of the Southern 
California Edison Company, which, in some respects, 
differ from methods followed elsewhere and which it 
is felt are responsible to no small degree for the favor- 
able rate charged for electric service in this territory. 


SUBSTATIONS 


Substations are supplied from a 60-kyv. network and 
power distributed at 2.3, 4, 11 and 15 kv. according to 
amount of load to be delivered and the distances to be 
covered; in case of three large customers, service is 
given directly from the 60-kv. system. The construc- 
tion of substations, as well as the equipment installed 
for service to customers, has been simplified and in 
general consists of little more than the necessary 
transformers with the protective devices. Substations, 
except in metropolitan districts, are of the outdoor type 

1. Operating Electrical Engr., Southern California Edison 
Co., Los Angeles, Calif. 


Presented at the Pacific Coast Convention of the A.I. E. E., 
Seattle, Wash. Sept. 15-19, 1926. 


in Southern California 
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with housing provided for the instruments and cont 
equipment for the more important stations. aan 

Fig. 1 illustrates a roadside, pole-top substation, s 
ping down from 15 kv. to 4 ky. with 150 kw. capa 


1—Roapsiwe, Pore-Top SuBSTATION 


Fia. 


: ee 
An automatic oil switch protects the high ve 
of the transformers. Where greater capacity 
quired, construction similar to that shown in Fi 
used. This style of construction lends ifself to « 
ties up to 1500 kw. Note the outdoor type inst 
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transformers; also the outdoor, three-phase, induction 
type regulator. In this case, transformation is from 
15 kv. to 2.3 kv. However, provision is made for 
changing to 4 kv. as soon as desired. ; 
Regulators are so designed as to permit operation 
either at 2.3-kv. delta or 4-kv. star. It has been the 
practise of this company to use three-phase regulators 
exclusively. The first cost per kw. of such equipment 
is no more than for the same capacity in single-phase 
regulators, with a saving in floor space, wiring, and 
maintenance of auxiliary equipment. There is at 
present in service on this system some 212 three-phase 
regulators, distributed among 95 substations, with 
aggregate circuit capacity of 195,000 kv-a. These 
regulators are used on 2.3- 4-kv. and 11-kv. circuits. 
Where the character of the load supplied by any given 
substation is similar, a regulator capable of handling 
the entire output of the transformers is used. Where 
various circuits supplied by the substation are of 
different characteristics as regards length of line, time 


ee ee a ee ae 


Fia. 


3—Sixry 11-Kv. Ourpoor SuBsTation 


and amount of peak load, regulators are installed on 
_ ach individual circuit. 

Fig. 3 illustrates an outdoor substation, 60 kv. to 
11 kv., of 4500-kw. capacity, with outdoor 11-kv. regula- 
_ tor controlling the total output of the transformers. 


DISTRIBUTION LINES 


In general, good substantial line construction has been 
used, the first cost possibly being higher than lighter 
- construction but proving to be less expensive after a 
long term of years. Only butt-treated poles have been 
_ set since year 1914. Line wires are No. 6 size or larger 
according to load to be carried. 

_ Fig. 4 represents the more usual type of line con- 
struction where only one primary and one secondary 
suit is to be carried. California State law controlling 
e construction, requires a separation of 4 ft. where 
es of voltage higher than 600 volts are placed above 
vires carrying less than 600 volts. As an alternative, 
he law permits the wires to be placed on the same cross- 
m if a horizontal separation of three feet is provided. 
placing primary wires at one end of the crossarm 
d the secondary wires at the other end of the same 
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arm, it is possible to use a pole of practically five feet 
less, over-all length, than would be necessary if primary 
wires were placed above the secondary wires. Also, it 
is felt that safer construction is provided in that the 
primary wires may not, if they should fall, come in 


Fie. 4—Sineue-Puase, ONE-ARM ConstTRUCTION 

contact with secondary wires. Transformers supplying 
lighting service are never connected in parallel on their 
low voltage side but are connected consecutively across 
the various phases of the primary circuit so as to main- 


Fra. 5—Poxie-Movuntep Srreet Ligut Reauiarors 
tain as nearly as possible a balanced load on the three- 
phase lines locally, as well as the total at the substation. 
Where street lighting service is required the series 
system is used both for bracket fixtures and span 
construction; also ornamental standards. Pole-top 
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constant-current regulators, as shown in Fig. 5, are 
supplied from a special primary circuit controlled at 
the substations, where a number of units are to be used, 
or controlled by a time switch connected to the local 
commercial primary line when only a single regulator is 
in service. 

In urban districts the 2.3-kv., three-phase system had 
been used to furnish commercial lighting and small 
power. These lines are now being changed over to 4- 
kv., four-wire. A common neutral wire is used for all 
circuits from a given substation and connected directly 
to the neutral of the station transformers without pass- 
ing through the circuit switches. The general practise 
is to carry the three-phase well out to the end of all 
branch lines so as to obtain the full advantage of three- 
phase transmission at 4 kv. and insure a balanced load. 

In rural districts, and for irrigation, service is ren- 
dered from 11 kv. lines. Large industrial loads are 
served from 15 kv. lines. 


UsE OF THREE-PHASE TRANSFORMERS 


A very general use has been made of three-phase 
transformers on 11-kv. and 15-kv. lines in sizes 10 to 
100 kw. These three-phase transformers are of two 
general designs, as shown by diagrams, Fig. 6. Both 
types have their high voltage windings, star connected, 
ungrounded, but with variable taps on the neutral 
connection. This permits changing of taps by moving 
of one common bar, and eliminates possibility of error 
in changing taps. A very usual condition in the 
irrigating districts requires service to a small pumping 
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plant 1 in the owners backyard and service for light and 
heat in the house. For such service, transformers have 
a delta, low-voltage winding, furnishing voltage of 230, 
three-phase for power, (Fig. 6A.) At the same time, by 
tapping the center of one-phase winding, a three-wire, 
115/230-volt service can be had. One manufacturer’s 
description of this transformer is as follows: 

“These transformers are specially designed to carry 
both single-phase and three-phase loads at the same 
time, the single-phase load being taken off of,the middle 
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leg. These transformers are designed to carry two- 
thirds of kv-a. rating at three-phase and one-third of — 
kv-a. rating at single-phase. The three-phase load is — 
divided equally on all three legs while two-thirds of | 
single-phase load is carried by one leg and one-third by — 
the other two legs in series. The resultant current in — 
any leg is then equal to the single-phase current, as — 
indicated above combined with the three-phase 
‘Power’ load or current in its proper relation. The — 
design of the transformer is such as to take care of 


Fic. 7—Turen-PHase TRANSFORMER FURNISHING LigHT, 
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maximum current in any of the three legs due to phase _ 
relation of one-phase current and three-phase current, 
or will take care of load as indicated when one-phase 
load is in phase with any one of the three-phase. The 
middle leg has no additional reinforcing over the other | 
two legs. Taking the 15-kv-a. size as an example, with 
full load on the transformer (10-kv-a., three-phase and 
five-kv-a., one-phase) at unity power factor, the neutral 
shift of the high voltage will be 2.3 per cent.” 

Another manufacturer has provided additional copper — 
in the single-phase leg over either of the other two legs 
as follows: 


10 kv-a 25° per cently 
15 kyv-a 10 per cent 
25 kV-a5. net anne 35 per cent 


These transformers are used in sizes 10, 15 and 25 
kw. Fig. 7 shows a three-phase transformer of this 
type, supplying three-phase power to motor in the 
pump house and a three-wire heat and light service. 

In the larger pumping plants a 440-volt motor i is. 
generally desired and for such service a transformer with 
a star-connected, low-voltage winding is used with two 
coils per phase so that either 230 or 460 volts, three- 
phase may be obtained, Fig. 6B. The neutral con- 
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‘ ‘nection is brought out of the transformer permitting 


grounding. With 460 volts between phases, there is 
only 265 volts from any phase wire to ground. At the 
same time there is also brought out a tap from one 
coil at 115 volts above the neutral from which a limited 


Fie. 8—Turer-Puase Powrr TRANSFORMER 


supply of lighting can be obtained for the illumination 
of the pump house. This type of transformer is used 
in sizes from 10 to 100 kw. 

Fig. 8 is a typical installation of this type of trans- 


Fig. 


9—Turec-PHAsE AuTO-TRANSFORMER 


r, Note the high voltage connections to the 
former are brought in to the front of the case well 
from the pole and crossarms. The transformer is 
ted by a pole-top, automatic oil switch. This 
h is equipped with a series trip-coil in each line 
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adjusted to the capacity of the transformer. Trouble 
across any phase or between any phase wire and ground 
will cause the switch to open and disconnect the trans- 
former entirely from the line. The switch is operated 
by pull cables from the ground. In case of overload, 
causing switch to operate, the customer can, himself, 
restore the service and save the loss of time as well as 
the expense of troublemen from the Company’s District 
Headquarters going out to take care of the trouble which 
would be the condition were fuses used for protection. 
This type of switch is used on all larger installations or 
where important service is rendered at considerable 
distance from district headquarters. Such a switch 
also permits of disconnecting the transformer from the 
line when it is not in service and thus saves core loss. 
It has been found that where a convenient means of this 


Fie. 10—Turer Sineue-Poase Units FurnisHinc Powrr 
sort is provided, the customer is willing to cooperate 
with the company in this respect. The use of this 
switch has eliminated the frequent cases of motor and 
transformer burn-outs due to single-phasing caused by 
the blowing of one primary fuse. The company has 
installed on its system some 2100 switches of this type. 

In addition to the two types of three-phase trans- 
formers described above, some use has been made of 
the standard three-phase unit having a high-voltage 
winding for 2.3- or 4-kv. and a low winding of 230 or 
460 volts. These transformers are expecially conve- 
nient in locations where lines are in the process of being 
changed from 2.3- to 4-kv. In many eases, 2300-volt 
motors have been connected direct to distribution cir- 
cuits of that voltage. When these circuits are changed 
to4-kv., a three-phase, 2.3- to 4-kv., auto-transformer has 
proved to be an inexpensive, convenient and entirely 
satisfactory means of supplying such motors from 
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four-wire, 4-kv. lines without changing the motor. 
(See Fig. 9.) At this time the company has a total 
of 2048 three-phase transformers of the above described 
types on its lines, aggregating 66,715-kw. capacity. 


LARGER POWER INSTALLATIONS 


On larger power installations, transformers are placed 
on the ground and enclosed with suitable guards. 
Fig. 10 is an installation of three 200-kw., single-phase 
transformers 15-kv. to 460 volts, supplying power to 
pumping plant. In cases of this sort, the customer is 
asked to provide the concrete foundation, the Company 
furnishing and installing the electrical equipment and 
guards. 

A general practise is to so arrange distribution circuits 
that they may be operated as a network by sectionaliz- 


Eyas At 


-DouBLE SERVICE FROM 15-xy. Lines 


ing with pole tops-witches. This permits the taking out 
of service of smaller sections of lines without interrupt- 
ing completely service throughout the territory. How- 
ever, in case of very important customers, arrangements 
are made for double service. Fig. 11 represents such a 
condition, utilizing pole-top, double-throw air break 
switch, controlled by operating lever at the base of the 
pole. In case service is cut off from one direction, the 
customer can throw the switch to the other circuit and 
so immediately restore operation. 

Fig. 12 illustrates an installation of three 3000-kw. 
transformers with one spare, taking power from two 
60-kv. lines and furnishing service at 2.3-kv. to cement 


plant. The two incoming 60-kv. lines are controlled by 


oil switches which can be seen back of the transformers. 
Here again may be noticed the simplicity of the installa- 
tion even though connected to the higher voltage lines 
and supplying a fairly large block of power, it consists 
of little more than transformers and protective device 
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‘is being built. 


In conclusion, it should be stated that the methods 
above described are not expected to guarantee abso- 
lutely 100 per cent service, still results obtained have 
been so near to 100 per cent that it is felt any further — 
expenditures on the distribution lines and equipment 
would not be justified. 


rr 


Fig. 12—60-xy. Service TO CEMENT PLANT 
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As a closing picture of characteristic conditions in 
Southern California, note Fig. 18. Here is shown the 
principal industries, including agriculture, oil and the 
line crew finishing an installation for electric power — 
service. ‘! ¢ ; 


LARGEST ARTIFICIAL LAKE IS BEING il 
BUILT 

At Cherokee Bluffs, one of the most isolated places 
of Alabama, an artificial lake, which will have a shore-- 
line 700 miles long and cover 40,000 acres of land, 
When completed in 1926 it will pro- 
vide water to drive three 45,000 horse power Slectrigy 
generators. 
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Synopsis.—General description of practise of the San Joaquin 
Light & Power Corporation in serving rural distribution. Describes 
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an 11,500-volt fuse manufactured by the company, shows standard: 


Distribution Line Practise of the San Joaquin 
Light and Power Corporation 


H. H. MINOR: 


Non-Member 


and 


transformer sizes used for serving combination loads and describes 
methods of hot wire maintenance used, together with data on 
savings accomplished by the use of hot wire tools. 


GENERAL 


§ HE distribution system of the San Joaquin Light & 
_ Power Corporation serves a wide territory in which 
are located a number of cities, but none of them 
very large. Fresno is the largest, having a population 
_ of about 70,000; Bakersfield is next with a population of 
_ 25,000, while the other cities and towns in the territory 
_ are relatively small. The agricultural development in 
_ the territory served is rapidly going forward, and on 
~ account of the fact that a large part of the irrigation of 
_ the San Joaquin Valley is by electric pumping, the 
a company has a large mileage of distribution lines serv- 
‘ing rural districts. The following table gives an idea 
_ of the magnitude of the rural load served by the 
company: 
~ SAN JOAQUIN LIGHT & POWER CORPORATION 
» AGRICULTURAL SERVICE YEAR ENDING 12-31-24 


No. of Kw-Hr. 
Consumers Consumption 

Rural Pumping Plants. . 6,064 142,800,971 
Rural Heating & Cook- 

ing and small power. . 1,036 4,214,699 
Rural Domestic Light- 

‘oe 9,977 3,377,347 

17,077 150,393,017 

System Total. . 58,126 382,175,102 . 


Per cent of Eee Total 29.3 percent 39.3 per cent 

_ The total area served comprises approximately 

000 sq. mi. The company has around 5000 miles of 

Transmission and distribution lines. From the above 
ta it may be seen that the system of the Company is 

netive in the great mileage of lines for the total 


number of consumers served. 


VOLTAGE AND TYPE OF DISTRIBUTION SYSTEM 


_ All of the rural distribution system and the distribu- 
tion in the larger of the smaller towns is 11,500-volt, 
phase, three-wire. The lines were originally 
volt, three-phase, four-wire, with the neutral 
- grounded at the station and at occasional in- 
along the lines. The distribution transformers 
three-phase power were rated at 6600 volts on 


Both of the San Joaquin Light & Power Corp., Fresno, 


ted at the Pacific Coast Convention of the A.I.E.E., 
Wash., Sept. 16-19, 1926. 


the primary side and star-connected for 11,500 volts. 
The secondaries were connected in delta. Single- 
phase load was served by a single transformer connected 
between one-phase wire and neutral, or in some cases 
by installing one transformer larger than the others in 
the power bank and taking the single-phase load from 
that side of the delta-connected secondary. Consider- 
able trouble was experienced with the four-wire, three- 
phase system, on account of numerous transformer 
burn-outs, due to one primary fuse blowing and opera- 
tion continuing on open-star. The solution of this 
difficulty was finally found in the use of 6600-volt 
transformers, designed for 23,000-volt test voltage and 
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the removal of the neutral wire and all primary neutral 
grounds on the distribution transformer banks. Single- 
phase loads were served by 11,500-volt transformers 
connected between line wires. One main consideration 
in deciding to use a bank for the motors and an individ- 
ual transformer for the single-phase load was that the 
rates for agricultural power in force at the time provided 
for summer use only. Motors in that service were 
sealed up during off season months and fuses removed 
from power transformers. The lighting-service trans- 
former: was still left in service. In this way core losses 
were reduced in the winter months, and the 11,500- 
volt, three-phase, three-wire distribution system came 
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into use with 6600-volt transformers and with neutrals 
grounded at substations only. 

It is recognized-that four-wire, three-phase distribu- 
tion is in use in many cities and is operating with 
satisfactory results. In city distribution, however, 
transformer banks almost always serve a number of 
motors and the starting current of any one motor is 
usually not large enough to overload the transformers. 
In rural distribution, as in the case under consideration, 
usually only one motor is served from a bank and fuses 


AN AGRICULTURAL INSTALLATION 
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on the transformers large enough to provide for the 
motor starting current provide no overload protection 
for the transformers. Therefore, the motor and trans- 
formers might operate with one transformer fuse blown 
without the other fuses going out. In this manner, we 
would have open-star operation on the primary and an 
overload on the two transformers still in service suf- 
ficient to burn them up without blowing the fuses. 
Single-phase operation, however, which would occur if 
the neutral of transformer banks were not grounded or 
connected to the fourth wire, is sufficient to blow the 
fuses, and the transformers are removed from the line 
before any burnout could occur. 


LOADING OF THE DISTRICT 


The entire territory is in the light-loading district as 
set up by the National Electric Code. The loading, 
as specified by this code, is not necessarily followed in 
California because of the fact that loadings and factors 
of safety are all provided for in the California code, 
otherwise known as General Order No. 64 of the 
California Railroad Commission. In more than thirty 
years of record in the San Joaquin Valley, the maximum 
wind-loading recorded has been 41% lb. per sq. ft. 
Snow and sleet are not encountered except in a few 
instances where the lines run up into the mountains 
reaching elevations of 3000 ft. or more. It is, therefore, 
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ice in the territory, this Company has been able to us 
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seen that very light line construction may be used with 
safety. The California code requires lines to be de- 
signed for a minimum of 6 lb. per sq: ft. wind pressure 
with no ice load. Prior to the issuance of this code, the 
San Joaquin Light & Power Corporation had pulled 
distribution lines up to a tension which provided for a 
wind pressure of 41% lb. per sq. ft. with no ice loading, — 
and a minimum temperature of 20 deg. above zero fahr. | 
This permitted the use of relatively short poles and 
small sags in the conductors. No difficulty was ex-_ 
perienced with this construction, but since the issuance | 
of General Order No. 64, the loading of 6 lb. per sq. ft., 

specified therein, has been used. 


POLES 


The company uses western red cedar poles ex- | 
clusively. Experimentally, some native poles have 
been tried out but the results have not been sufficiently | 
satisfactory to justify their use so long as the western | 
red cedar poles can be obtained. All poles are butt-_ | 
creosoted by the open tank method, the company — 
maintaining its own treating plant at Fresno. Past 
experience has shown that one of the fundamentals in — 
treating poles is proper seasoning. Some of the earlier | 
experiments carried on by the Government on pole | 
treating were on the system of the San Joaquin Light | 
Power Corporation, and the Company has benefitted | 
by the experience gained in those experiments. The 
pole-treating plant is on a forty acre tract of land in the 
outskirts of Fresno, where adequate storage faciliti 
are provided. The Company’s practise is to purchase | 
poles from the North Pacific states during the summer | 
and fall of one year for use during the following year; | 
in this manner the poles are shipped untreated 
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Fresno and allowed to remain in the yards d 

the winter, spring, and summer months, until need 
when they are treated. In this manner adequ 
seasoning is obtained. Facilities for handling them 
provided so that they may be taken from the p 
creosoted, and loaded directly on to the cars for s 
ment to the various districts. ~ 


Because of low wind pressures and lack of snow and 
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lighter poles than has been the practise in the heavier 
Joading districts. Heavy, Class A poles are not used 
except at corners and for hanging transformers. 


SPANS AND CONDUCTORS 


It has been the policy of the company to use relatively 
long spans in its distribution work. This has resulted 
in distribution lines of low cost, a feature which has been 
very necessary in the development of the widely scat- 
tered load which the Company serves. On account of 
the light wind pressures encountered, these long spans 
have been satisfactory and have caused no trouble. 
The standard distribution line span used is 330 ft. for 
rural distribution. In city work, of course, shorter 
spans are necessary. 


Medium hard drawn copper has been used almost 
exclusively for conductors. Before the issuance of 
General Order No. 64 by the California Railroad Com- 
mission, the company uses a loading of 414 lb. per sq. 
ft. with no ice figured for conductors up to No.2 B&S 

_ gage. ‘This resulted in very small sags and allowed the 
use of 30-ft. poles along highways, giving a clearance of 
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_ about 22164 ft. in the center of the spans. General 
_ Order No. 64 has required greater clearances and the use 
of 6-lb. wind pressure has required greater sags. The 
_ standard pole for this work is now a 35-ft. minimum. 


CROSSARMS 


For a great many years the Company has manufac- 
tured its own crossarms. They are made from four by 
‘six, Douglas fir, surfaced on four sides. A crossarm 
mill is in operation in which is installed a gang boring 
machine, boring all holes in one operation. Until 
' recently. crossarms were painted but this practise has 
“now been discontinued. The requirements of General 
der No. 64 are that all primary arms be either painted 
bright yellow or that a sign reading ‘High Voltage’’ 
installed. But it was found difficult to maintain 
painted arms so that the color should be readily dis- 
nguishable for more than two years. The cost of 
ainting was far in excess of the installation of high- 
age signs; so as experience had also shown that the 
life of the arm was not materially increased by painting, 
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it was decided to ‘‘sign” all arms for use on primary 
lines and discontinue the painting altogether. 


11,500-VoLT FusEs 


An inexpensive form of fuse for use on 11,500-volt 
lines was developed by the San Joaquin Light & Power 
Corporation many years ago. It originally consisted of 
two L-shaped iron pins, bolted through the side of a 
crossarm. ‘To these pins was cemented a standard 
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line insulator to which was attached a east iron cap, 
carrying contacts. Two of these contact insulators were 
used with each fuse. The ‘fuse cross” part was made 
of treated hard wood, one by one by eighteen inches. 
It carried a 16-inch porcelain tube, through which the 
fuse wire was threaded. Brass blades were attached to 
each end to fit the contacts, and at the center of the 
wood cross part an insulator was attached to facilitate 
handling by means of a fuse stick. This equipment has 
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ter 


recently been modified to still further cheapen the 
installation. Standard metal pins are now used in- 
stead of the Lpin. The insulator is screwed on this pin 
and a brass clamp with projection carrying the fuse 
contacts is used. The cross part remains the same, 
except that the insulator has been removed and a fuse 
puller to grip the wood part instead has been developed. 
A further development is contemplated where a bake- 
lite tube will be substituted for both the wood part and 
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the porcelain tube now used. Cuts of both the old and 
the new device are shown herewith. 

An interesting feature of these fuses is the method of 
fastening the fuse wire to the blades. Through a cork 
is inserted a short piece of No. 18 copper wire. The fuse 
wire is fastened to the inner end of this copper wire and 
the other end is clamped under a screw on the blade. 


Fic. 7—New Sryte 11-Kv. Fuse 

The cork is inserted in the ends of the porcelain tube, so 
that the fuse wire is not exposed. When the corks 
have been omitted, considerable trouble has been ex- 
perienced by birds breaking the fuse wire; they seem to 
have a liking for bright wire, and have been found by 
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Transformer No. |, 2 and 3 each 2 kva. 
With transformer No./=4kva and Nos 
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Power factor of load 100 per cent 
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trouble shooters, with a section of the fuse still clamped 
in their beaks. 


SERVICE TO THREE-PHASE AND SINGLE-PHASE LOAD 
IN RURAL DISTRIBUTION 


Many rural installations involve three-phase power 
for operating irrigation pumps and single-phase power 
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for lighting, heating and cooking and some small single- 


phase motors. The Company’s standard method of serv- 
ing such installation is to combine the loads and serve — 


tions, show the results of actual tests without taking 
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them from one common three-phase bank of transform-_ | 
ers. This has been found to be very much cheaper than 
setting a three-phase bank of transformers for the pump- 
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ing plant and a 11,500-volt, single-phase transformer for 
thesingle-phase load. Figs. 8, 9 and 10, with their explana- 
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into account magnetizing currents on the transformers. 
These magnetizing currents are so small that they may 
be neglected so far as the load on the transformers is 
concerned, but it has been found that the diversity 
factor between the loads connected is so great that the 
added, capacity in the transformer connected to the 
single-phase load can be made much smaller than 
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transformer connected star-delta with the star isolated 
from the ground, trouble would undoubtedly be caused. 
Also if the 25-kv-a. transformer were loaded up with a 
single-phase load, the coils of the two 5-kv-a. trans- 
formers would be overloaded sufficiently to burn out, 
and the neutral would shift so badly that very un- 
satisfactory voltage would result. 


TABLE i—TRANSFORMER LOADING TABLE 


Single Phase 


Single Phase 2 Single Phase o o 
Demand Kvy-a. S38 Demand Ky-a. 83 Demand Ky-a. 3g 
; —_ mS Transformer Sizes | aS Transformer sizes aS Transformer Sizes 
4 110 v. 220 v. acts 6900 to 115-230 110 v. 220 v or} 6900 to 115-230 110 v. 220 v. om 6900 to 115-230 
: 0.88 1.76 14%4-1%4-1% 0.8 1.6 3-3 -3 Doe 2.75 74-74-7% 
j 2.3 3.5 14-3 -1% 2.3 3.2 be 3 -5 -3 3.7 5.50 Fy 7%-10 -7% 
23 4.6 8 3 3 -3 243 Ae, 3 5 -5 -5 7, 7.4 i) 10 —10 -10 
: 3.8 eee) ° 3 -5 -3 4.7 9.4 g 5 -7%-5 ban & 14.7 S 10 —15 —10 
6.0 . 9.2 a 3 =74-3 6.75 13.5 ie 734-10 -7% Cait 16.2 4 15 -15 -15 
6.0 12.0 Ay 5-74-65 11.4 18.4 Aa 4-15 -7%4 16.8 32.4 A | 15 -25 -15 
8.1 15.2 es] 5 -10 -5 1 At 22.1 jac] 10 -15 -—10 16.8 33.6 ee] 25 —25 —25 
8.1 16.2 a 7%-10 -7% 19.2 27.0 < 10 -—25 -10 27.6 55.0 S 25 -—37 4-25 
12.3 23.9 74-15 -7% 19.2 38.4 15 -—25 -15 67.4 25 -50 -25 
12.5 24.9 10 -15 -10 30.5 44.2 15 -—37 4-15 
0.6 1.2 14-14-1¥% 0.0 0.0 3 -3 -3 0.0 0.0 TY%- 7T4-1é 
2.0 2.6 14-3 -1% 0.6 1.0 , 3-5 -3 3.0 6.0 5 01-— 10— 10 
2.0 4.0 he 3-3 -3 1.6 3:2 i) 5 -5 -5 fete) 12.0 i) 10 -15 -10 
3.55 om ee ee 3.9 6.4 Sl. Bs 7 ee5 7.5 15.0 Sob ae ts oe 
6.7 8.0 = 3 -7%4-3 3.9 7.8 al 74-74-74 16.2 30.0 Ay W525 *=-15 
a 5.7 11,4 a 5 -7%-5 6.1 12.2 ay 74-10 -7% 16.2 32.4 a 25 —-25. —25 
7.9 14,2 " 5 -10 -5 10.5 15.6 ie] 74-15 -74% 27.0 54.0 a 25 -37 4-25 
7.9 15.8 q 74-10 -74% 10.5 21.0 ° 10 -15 -10 65.0 >) 25 —50 —25 
12.2 22.8 oF 74-15 -7% 19.1 24.5 = 10 -25 -10 — 
12.2 24.4 10 -15 —10 19.1 25.5 15 -25 -15 
20.8 31.4 10 -—25 —-10 29,9 42.0 15 —37 14-15 1.0 2.1 10 -10 -10 
— — a - - — _ 2:2 4.2 eps, 10 -15 —10 
0,0. 0.0 14-14-1% 0.5 1.0 bp = 51 5 6.65 13.3 ae 15 -15 —-I15 
0.5 1.0 14-3 -1% 1.85 1.85 5 -7% -5 14.52 22.6 er 15 -25 -15 
2.5 3.0 be 38 ~w3 -3 2.8 5.6 5 T4-1K% -7% 14.52 29.0 Gr) 15 -25 —-15 
2.9 5.8 $ 3 -5 -3 5.0 10.0 s 74-10 -7% 25.7 51.4 25 -37 14-25 
3.0 6.0 s 6 -5 -5 5.6 11.2 Ga 74-15 -7% 58.2 25 -50 -—25 
5.2 10.4 : 5 —74-5 9.4 18.8 Ay 10 -15 10 
7.4 12.0 mM 5 -10 —5 18.0 20.0 cet 10 -25 -10 2.85 Bie 5 15-15 -15 
7.4 14.7 0} 7%-10 -7% 18.0 36.0 19 15 —25 —15 11.88 UT 24 ie 15 —25 —15 
Le 37 20.6 up 74-15 -7M% 28.8 37.6 ey 15 -37 4-15 11.88 23.8 feo ie) 25 —25- =25 
6 23.4 10 -15 —10 28.8 57.6 25 -37 4-25 22.9 45.8 Be 25 —37 4-25 
29.5 10 —25 -10 72.4 25 -50 —25 47.6 _ 25 -50 -25 
_ The Demands shown In the first two columnsof} No. of Demand “% 9 hes 15-15 -15 
group of this table are the Maximum Single- |Consumers | Character of Load Connected 3.8 3.8 Sis, 15 -25 —-15 
Demands that should be connected to Trans- - 10.2 20.4 -O| 25 -25 -25 
er Banks shown in Column 4 while serving the 1 Lighting Only,,....... 50% ele 40.8 jake 25 -37 4-25 
otorsshown in Column 3. The first Column is] 2 or 3 ue Be eo tt 40% 21.2 42.4 5 37 4-37 4-37 
/ Single-Phase Demand available for two wire] 4 to 5 uo Aspe 25% 6.2 374-50 -37% 
0 volt service and the second Column isthat| Over 8 S Bae hd. Po 15% = 
ble for 220 volt two-wire or 110/220-volt - 
e-wire service. 1 Heating & Cooking. 75% Note: These values assume that the motors 
Single-Phase Demand shall be computed as 2or3 If Air Heaters are in- 50% are not overloaded. 
when actual measurements cannot be made. 4or5 cluded in these loads 40 % The Single-Phase Demands are on average 
6 to 8 Demand = 75% Air 30% demand of 1 Hour (not 15 min. Max. Demand.) 
Over 8 | Heaters + Demand for | 20% 


Balance 


Single-Phase Motors 100 per cent 


d be possible were this load served from a 
phase transformer, separate from the power 
_A table showing the Company’s standard prac- 
service to this class of load is included in this 


ble to bank together transformers of too great a 
ice in size. For instance, if two 5-kv-a. trans- 
were banked together with one 25-kv-a. 


HoT WIRE MAINTENANCE OF DISTRIBUTION LINES 


In 1923 the San Joaquin Light & Power Corporation 
was confronted with the problem of changing a great 
number of 11,500-volt “‘dead end” insulators which had 
proven faulty and were fast failing. As these insulators 
were installed generally on the 11,500-volt lines of the 
Company, to have killed the lines, even though they 
were in large part loops with sectionalizing switches 
installed, would have meant an immense loss of revenue 
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and good will because of the interruptions necessitated 
by so doing. These were cap and hook insulators 
lending themselves readily to replacement with units of 
a similar type. 

It was decided that with the proper tools, this work 
could be performed “hot,” and such tools were developed 
by San Joaquin employees, several thousand of these 
insulators having been replaced with them. The suc- 
cess of this operation led to further development of hot 
wire tools until complete equipment with which almost 
any job can be done on a hot line without any great 


12—Repuacine a ‘“‘DEap- 
Env” INsuntator, Hor 
hazard to the workmen is now available. The truth of 
this statement is proven by the fact that in eighteen 
months’ use on the San Joaquin System there has not 
been a single accident. 

In each of the fifteen districts of the system, a 
“hot wire wagon” is maintained. A Dodge commercial 
is used, it being equipped with a box for tools and facili- 
ties for carrying replacement equipment. The crew 
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Fic. 14—Workxrne a Hor Linn 
THROUGH A LowER Circuit 
consists of two linemen, both schooled in the use of the 
hot tools, and a groundman. This crew performs all 
hot work in the district and, in addition, makes periodic 
patrols of important distribution lines and. special 
patrols of any line which has shown a fault. Neces- 
sary or advisable repair work is also done when found. 
This includes the replacement of the dead-end insulators 
mentioned above, the replacing of broken pin-type 
insulators, installing new crossarms in place of ones 
burned, ete. By these repairs many failures of lines 
and consequent interruptions to service are saved. 
Shut-downs are no longer necessary in order to cut in 
for a new extension. Temporary “hook jumpers” 
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are connected by the line crews and the “‘hot wire cre 
is notified. At the first opportunity this tempor 
connection is made permanent. Should the work re- 
quire a new pole in a hot line, the pole is set and the hot 
line is transferred to it by the hot wire crew, all without 
an interruption. In the same manner new poles are 
set to replace burned or broken poles. 
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The adoption of these hot wire maintenance metho ds 
has not only solved the problem of the dead-end 


in the regular repair jobs. Much of such work w. 
performed at night or on Sunday in order to inconve- 
nience the consumer as little as possible. That meant 
overtime and often slow work on account of poor light. 
Much time was consumed in the travel necessary to 
operate sectionalizing switches. While this saving 
is considerable and well worth while, it is not to be 
compared with the money saving and benefit derived 
from the service interruptions that are obviated thereby. 


Nov. 1925 


MOORE AND MINOR: DISTRIBUTION LINE PRACTISE 1207 
TABLE II 
HOT WIRE TOOL REPORT 
San Joaquin Light & Power Corporation January 1, 1925 to March 31, 1925. 
Requirements if Same Work were 
Work Performed Using Hot Wire Tools Performed Without Hot Wire Tools 
1 ~ ;? i q ' 1 n Ms lo} fo} 
4 3 28 gS oa os Bo } 
\\ oy a 3 AS 8 ue a co) Oot One ao g ‘2 5 
> a a 2 34 5 -s > (<) 
Z ea ao oo te 3 s 3 . mo gq 5  B a ° n 8 
beni eH Oo q& n o & 8q¢ a) RE OE oe ne |e) SS; 2 
District 3 = Po z 3 CNG! =| Ae Sie Se 2 a 
oe Ay & 8 A om og q g oy 30 5 ad 
ae 42 a8 a3 aa 8 aH oH 56 a A ; 
Ok oe o & aap! 4 6 ae As 68 ra are 
7 Ad a3 “4 Ay ae © a3 Bo zo oo 
5 ga Boge pare | 6 2 z A Bg EO ss & 
fa) —Q Qe Q 5 Z 1S) A ‘= Te 16) a 
MPadera.).. 262... ... 42 10 3 158 11 122 1445 1108 197 202 2014 
BIO ek nes 159 43 24 29 382 32 464 2490 2077 765 636 4307 
Ds ec lee 38 LG 5 2 206 48 231 1689 3577 310 431 3160 
Maerced,............. 387 54 9 19 146 f 207 1455 1484 261 318 2555 
San Joaquin......... 156 16 1 58 3 51 504 1110 101 69 853 
| 148 3 99 7 115 LL 1120 180 136 1170 
Memrcoran............ 353 43 2 85 23 142 933 2282 4 178 196 2541 
CT 1283 186 38 56 1134 131 1332 9237 12,758 1992 1988 16,600 
82 Crew days saved @ $18.50 = $1437.00 1332 9237 
6363 Miles saved  @$ 0.06 = $ 381.78 pete, 
——— 656 6363 
Saving in labor and mileage $1818.78 


A tabulation of reports received from several of the 
hot wire crews is included herewith. The report shows 
only the additional time and mileage that would have 

_ been consumed by switching out the sections upon which 
work was being done. No attempt has been made to 
include overtime, etc. that might have been necessary. 
“The transformer banks out of service’ is from an 

-actual count from the district maps of the banks on the 
section of line worked on. 


UNIQUE AUTOMATIC REGULATOR INSTALLATION IN THE 
CITY OF FRESNO 


In the distribution system for the City of Fresno a 
rather unusual regulator scheme has been in use for two 
years. The distribution is 2300-volt, all overhead. 
Two 500,000-cm. feeders cross the main alleys of the 
business district at a distance of five blocks apart. 
Three other feeders of 4/0 wire each tap an alley pri- 
mary of the same size at a point midway between the 
500,000 em. lines. Thesealley primaries are connected to 
these heavy lines through automatic pole top oil cir- 
cuit breakers set for instantaneous trip. The smaller 
individual alley feeders are connected directly to the 
two-kilovolt bus at the substation through the usual 
automatic circuit breakers. The 500,000 cm. feeders 
are also connected to this bus but each have two-single- 
phase induction regulators installed and their circuit 
breakers are set to trip later than the smaller feeders. 
Thus there is in effect a net work consisting of five inter- 
_ connected feeders from one bus with automatic regula- 
_ tors in two of these feeders only. 
_ The compensators of these regulators are set to main- 
tain voltage at a point near the center of load. Thus 
bus voltage fluctuation so changes the load on the sev- 
eral feeders that they automatically regulate the voltage 
through line drop. Extreme fluctuation at the sub- 


station could cause a circulating currentZto be set up, 
oe , : 


but this is cared for by opening the three small feeders 
at the substation and, if necessary, by allowing the big 
feeders to operate over-loaded for a short time. No 
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TION SHOWING REGULATORS 


difficulty has been experienced in operating this 
way. A one-line diagram of this arrangement is in- 
cluded herewith, as are simultaneous voltage charts 
from the substation bus and the load center. 
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TRANSFORMER INSTALLATIONS 


The methods of installing distribution transformer 
banks used on the San Joaquin System are not widely 


| 


AND TRANSFORMER 


17—A WELL, RESERVOIR 
INSTALLATION 


different from those on other systems, with the excep- 
tion possibly of the use of fuses manufactured by the 


A New Departure in Engineering Education 
BY HAROLD PENDER: 


Fellow, A. I, E. E. 


Synopsis.—A new type of engineering course embodying the 
basic features of the six-year combined college and engineering 
course, but possible of completion by a high-school graduate in the 
usual four year period is described. Briefly, the plan for admission 
to the engineering school requires at least two years of college training 
with only part of the subjects prescribed. This is followed by two 
years in the engineering school, concentrated on the fundamentals 
of whatever particular branch of engineering (civil 
electrical or chemical) the student may choose. 

Beginning this fall, the University of Pennsylvania will change 
over all its engineering courses to this basis. Those responsible for 
this new type of course believe that it will accomplish the following 
objects: 

1. It will give the student the opportunity of forming a more 


, mechanical, 
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company. A few illustrations of typical installa ion: 
are included in this article. 
The use of light colored paints on distribution tran 
formers has been promoted by this company on accoul 
of the high temperatures reached during the sum 
months in the territory served. ‘ 
the use of a light grey paint reduces the oil temperatu 


transformers painted with the customary black paint. 
Exhaustive tests were made on this subject and 
the data reported to the National Electrie Light — 
Association and the various manufacturing com- 
panies. 
CONCLUSION 

The above paragraphs cover features which are mo 
or less distinctive of the distribution system of the 
San Joaquin Light & Power Corporation. Some 
of the problems met and solved are somewhat different — 
from those on other distribution systems, and it is~ 
hoped by the authors that the discussion offered may be 
of interest. 


mature judgment as to whether or not he has an aptitude for engi- 
neering, and if not, permit him to continue his studies along other 
lines without serious handicap. 

2. It will impress wpon both the student ‘and his parents 
the fact that engineering is a profession and not a trade; that there is 
more to an engineering education than merely fitting a boy to get 
a job. 

8. The graduate from this type of course will be as well pre- 
pared for his immediate undertaking as the usual technical school — 
graduate, and, in addition, will have the background and broader 
point of view necessary for real development in his profession. 

4, This background and broader point of view will aid him 
in developing a proper perspective of life as a whole, which, after 
all, is more important than one’s profession. 


N one of our leading engineering schools there is, 
each year, a large influx to the Junior class of stu- 
dents who already hold a college degree but who 

have decided to specialize in engineering. After a 
short period required for adjustment, these students 
almost invariably take an outstanding position in the 
class, and, what is more significant, in their subsequent 
careers, rise much more rapidly in their profession 
to positions of importance than do their less fortunate 
classmates with only the regular four-year engineering 
course back of them. 


Such a combined college and engineering course 
requires a period of six years, and the young man is 
usually at least twenty-four years old before he “gets 

1. Dean of Moore School of Elec. Engg., Univ. of Pennsyl- 

vania, Phila., Pa. 


Presented a the Pacific Coast Convention of the A. I. EB. E., 
Seattle, Wash., Sept. 15-19, 1925. 


to work.’”’ However, in spite of this fact, for those who 
can afford it, a six years’ course is undoubtedly superior 
to the usual four years’ course, superimposed on a high _ 
school training. With most of us, however, the cost 
of keeping John at college is no small strain on the family : 

4 


pocket-book. The question naturally arises as to 
whether or not it may be possible to plan a course which 
will include the essential features of the combined 
college and engineering course, but which can be com- 
pleted in four years. ; 
One of the reasons for the superiority of the cotebtried 
college and engineering course is that a young man who 
deliberately goes to an engineering school after having | 
spent four years in college, has given serious thought as — 
to whether or not he has the aptitude for engineering, 
and his judgment is based on relatively mature reason- 
ing. He does not, for example, conclude that he is 
cut out to become a great electrical engineer simply 


: 
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because he has built a radio set or has successfully 
repaired the front-door bell. Nor does he decide that 
he can become a great bridge-builder because a friend 
of his uncle’s wife holds an important position with the 
American Bridge Company. 

It is also doubtful whether a young man, who, dur- 
ing his,,college course, has consistently had difficulty 
with mathematics. and physics, will have, upon gradua- 
tion from college, the temerity to attempt an engineer 
ing course. On the other hand, when a boy direct from 
school starts an engineering course, no matter what 
difficulties he may encounter in the inevitable mathe- 
matics and physics of the freshman and sophomore 
years, it is seldom possible to persuade him to volun- 
tarily change to some other course for which he may 
havearealaptitude. There isan admirable persistency 
about most American boys; but persistency without 
good judgment is often disastrous. Good judgment 
comes with maturity, and a boy fresh from high-school 
is usually “‘just a boy.” 


In addition to his greater maturity, the college gradu- 
ate who takes up the study of engineering has acquired 
at least some knowledge of the humanities. In after 
life these will be just as valuable to him as an engi- 
neer as they are to the lawyer or to the physician. The 
lack of a proper appreciation of these values of side cards 
in the game of life is really the most common cause of 
failure on the part of the engineer to take, in his com- 
munity, the position for which his intellectual training 
otherwise so eminently fits him. 


With the idea of enabling the high-school graduate 
and his brother from the preparatory school to make a 
rational decision as to whether or not engineering is the 
career for which he is best fitted, and yet not to handi- 
cap him should he find that his aptitudes are along other 
lines, the University of Pennsylvania has developed a 
new type of four-year course, which will go into effect 
with the entering freshman class this fall. In accord- 
ance with this new plan, each of the engineering courses 
given in that institution, (either civil, mechanical, 
electrical or chemical engineering, as well as the course 
in chemistry) become, in effect, a combined four year 
course in the college and in the engineering school.? 
The first two years are spent in the college or academic 
department, and the last two in the engineering school. 

Actually, the student is not admitted to the engi- 
neering school until he has completed, with credit, the 
equivalent of two full years of college work. The spe- 
cific requirement for admission to the engineering school 
is that the student must have obtained credit in at 
least thirty units of college subjects, including five units 
in English, five units in modern language, six units in 


mathematics through calculus, six units in college 


2. At the University of Pennsylvania there are two engineer- 
ing schools, The Towne Scientific School, in which are given the 
courses in Civil, Mechanical and Chemical Engineering, and the 
course in Chemistry, and The Moore School of Electrical Engi- 
neering in which is given the course in Electrical Hngineering. 
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physics and three units in chemistry. The remaining 
five units and such additional subjects as the student may 
desire to study are left to the choice of the student 
under the guidance of a competent advisor. History, 
psychology, zoology, philosophy, economics, govern- 
ment and similar subjects are recommended for such 
electives. 

There will be special provision made in the college 
of the University of Pennsylvania to give high-school 
and preparatory school graduates the necessary pre- 
engineering training to enable them to fulfill the above 
requirements, but students who have taken the equiva- 
lent preparatory training elsewhere will also be admitted. 

During the two years in the College, there will be no 
distinction made between these pre-engineering stu- 
dents and the regular college students, except to the 
extent that the pre-engineering students will take a 
curriculum which is in a large part prescribed. How- 
ever, should a pre-engineering student at the end of his 
second year decide that he prefers to remain in the Col- 
lege and be graduated from there, the subjects he has 
taken will all be accepted for the college degree, and 
he will be in a position to complete his college course in 
the usual four years. 

The pre-engineering student will not be required, or 
even encouraged, to make any choice as to which branch 
of engineering he may wish to take up, until he has com- 
pleted his sophomore year. During his two years in 
the College he will, in various outside activities, come 
in contact with the upper classmen in the several engi- 
neering departments and with members of the instruct- 
ing staff of the engineering school. There will also be 
opportunities for him to meet and talk-with practising 
engineers in the city and elsewhere. When he does make 
his choice, he will be in position to make a much more 
rational decision than would have been possible at the 
beginning of his freshman year. 

Upon his deciding to transfer to the engineering 
school, the student will be required to give satisfactory 
evidence that he is capable of both making and reading 
mechanical drawings. If he has not acquired this 
ability before the completion of his second year in the 
College, he will be required to attend a brief summer 
session just prior to the opening of the fall term, in 
which summer course the requisite instruction in me- 
chanical drawing and descriptive geometry will be given. 
A course in mechanical drawing and descriptive geo- 
metry will also be given during the regular school year, 
and such pre-engineering students as may wish to do so, 
will be permitted to take this course as an extra while 
they are registered in the College. 

The question will naturally be asked how will it be 
possible, even though the student has all the prelimi- 
naries in the way of mathematics, physics, chemistry, 
language and drawing, to give him in a period of two 
years sufficient instruction to warrant the award of the 
bachelor degree? Theansweristhata period of two years 
is ample time for the training of such a student in the 
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fundamentals of a given branch of engineering, providing 
all specialties and “‘frills’’ are omitted. For example, 
2 course of two or three hours per week in Electric 
Traction makes an excellent appearance in a catalogue, 
but is such a course really essential, even to a student 
who, upon graduation, obtains a position with an elec- 
trie traction company? If the student has acquired 
a thorough knowledge of the fundamentals of mechanics 
and electric machinery, he will lose but little time in 
familiarizing himself with their application to this 
spectal case. 

That such special application courses as electric 
traction, illumination, industrial application of motors, 
telephony, electric machine design, and the like, are not 
really essential to an undergraduate curriculum, is 
evidenced by the fact that in many institutions these 
courses are offered as electives, the student being re- 
quired to take one or more but not all of them. If they 
are not all essential, why should any one of them be? 

The Pennsylvania plan may best be understood by 
considering the proposed two years’ curriculum for a 
particular course; for example, electrical engineering. 
This course, to which no student is admitted until he 
has completed, with credit, at least two years’ of college 
work, and a course in mechanical drawing, includes the 
following: 


Mechanies of Materials 60 hours 


Thermodynamies Reyer | 
Elements of Structural Design.............. 45 © 
Mechanical Laboratory....... dyn sete 
Steam Engineering (Stenmcsion trie Power 
Plants) ... RP prt asl i0 i) gt 


Water-Power Engineering 
Power Plants) .......<. a. cee ‘iE Ne 
Direet-Current Circuits and: “Anouaatle: 
including Electrical Measurements. ...... (HGR Be 
Alternating-Current Cireuits and Power 
Apparatus, including Transmission. ...... iSO 
High-Frequency Alternating-Current Cireuits 


(Hydroelectric 


and Apparatus. s+ du iusies. os arene een 
Electrical Laboratory...........- oo OU 
Electrical Engineering Seminar. ... ee Be 
Differential Equations................ ot Se 
Eoonomids: «<0 5). skeen ee OS 
Business Law. . Sk ba Ty Ghee See Ue 
General Study Option. was Sek 180 * 
Collateral Reading. v. 5c es eee ed SO 

Total. 2a .. 1560 hours 


(As there are approximately thirty weeks in the school year, a total of 
1560 hours in two years means that the student will carry a roster of 
twenty-six hours per week.) 

An inspection of this curriculum will show that not 
only is there ample time in the two years to cover the 
fundamental subjects which an electrical engineering 
graduate should know, but it will also be possible for 
the student, in his Junior and Senior years, to continue 
as a general study option, one or more of the humanistic 
studies begun in the College. This general study 
option, for which are provided three hours per week 
throughout the two years in the engineering school, 
is for the purpose of broadening the student’s intel- 
lectual background. Considerable latitude will be 
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given the student in the choice of this option; it may b 
literature, history, language or science in the College 
or any subject taught in the Wharton School of Com-_ 
merce and Finance, for which the student has the neces- 
sary preparation. ; 
Under the heading of Collateral Reading, the student 
will be required to read certain assigned books dealing 
with engineering practise. These books will be of such 
a character as to give the student knowledge of the 
application to specific engineering projects of the funda- 
mental principles which he is studying in class. For 
example, a book dealing with the practical construction — 
of overhead and underground transmission lines will be | 
assigned for outside reading when the.student is study- _ 
ing the principles of transmission and distribution. 
At the end of each term, a comprehensive examination, — 
pein the collateral reading for that term, will he ; 
given 
It is also planned by those in charge to make tha | 
necessary arrangements whereby all engineering stu- 
dents at the University of Pennsylvania will have the 
opportunity of spending at least one summer vacation _ 
in actual engineering work in the industries in Phila- | 
delphia, or vicinity. For students in electrical engi- 
neering, in particular, this summer practise will take 
the place of the shop-work formerly given to such stu- 
dents in the shops of the engineering school. : 
For those students, who, upon the completion of the 
two undergraduate years in the engineering school, 
may wish to pursue further the study of any particular 
phase of engineering, or who may wish to equip them- 
selves more thoroughly for engineering research or — 
teaching, graduate courses in the several engineering 
departments will be offered. Upon the satisfactory 
completion of a third year in the engineering school, 
(a year of graduate work following the winning of the __ 
bachelor degree), the student will be given thedegree of 
Master of Engineering in Civil, Mechanical, Electrical 
or Chemical Engineering, as the case may be. 
Those responsible for the plan just described believe 
that it will accomplish these several objects: __ 
It will go a long way toward eliminating, without 
handicap to the individual, those lacking aptitude for 
engineering and who inadvisedly attempt to prepare 
themselves for the engineering profession. 
It will impress upon the boy and also upon his parents 
that engineering isa profession and not a trade; that 
there is more to an engineering education than merely 
fitting a boy to get a job. 
The graduate from the type of course here désehified) 
will not only be as well prepared for his immediate 
undertaking as the usual technical school graduate, but 
he will have the background and a broader point of © 
view necessary for real development in his profession. — 
This background and broader point of view should — 
also give him the proper perspective of life as a whole, | 
and should develop in him interests outside of his own 
profession, without which no man can rise to a position — 
of real leadership among his fellows. * 


220-Kv. Transmission Transients and Flashovers 
BY R. J. C. WOOD: 


Associate, A. I. E. E. 


Synopsis.—The conclusion has been reached that birds are the 
cause of flashovers on the Southern California Edison line. The 
_ frequency and location of flashovers is given for nine years of opera- 
tion al 150 kv. and two years at 220 kv. The increase in the number 
of flashovers when first going to 220 kv. has been reduced so that now 
there is no greater number than there was at 150 kv. This has been 
done by installing bird guards which are, however, not yet completely 
bird proof. Other possible causes of flashovers are considered, 
including corona, standing and traveling waves of high voltage, 
harmonic resonance, sustained high-frequency effects, lightning, and 
highly ionized air. Investigations to discover the presence of such 
disturbances are described; they included the use of a homemade 


photographic surge recorder, the klydonograph, and oscillograph. 
The amplitude of voltage surges caused by various switching opera- 
tions and the quantity of tertiary and residual current at the different 
stations on the system are tabulated. 

The conclusions reached are that there are not any voltage dis- 
turbances of greater magnitude than those produced by normal 
switching, and thal such voltage rises as do occur are totally inade- 
quate to cause flashovers or cause any damage to connected apparatus. 
The evidence is all against the existence of sustained high-frequency 
currents or voltages and it may be stated confidently that they do not 
exist. 


FLASHOVERS 


HE more or less occasional flashovers on the Big 

Creek Transmission System of the Southern 

California Edison Company have been the subject 
of study for several years in the effort to find their true 
cause, but none of those who studied this problem 
could find an electrical theory that would explain all the 
facts. Finally, a man unacquainted with mysterious 
resonance phenomena and dire high-frequency poten- 
tialities observed the one fact that had escaped the rest 
of us, and, as H. Michener describes in his paper? 
the bird theory was evolved. This theory, that 
flashovers on this system are due to the excrement of 
birds falling through the air and affording a conducting 
path between conductor and tower, is now firmly es- 
tablished and believed by those on the ground. 

The frequency of these flashovers from January 1, 
1914 to July 31, 1925 is shown in Fig. 1, the voltage 
of the line being 150 kv. prior to May 6, 1923 and 220 
ky. thereafter. The immediate increase of flashovers is 
noticeable when the raise in voltage increased the size 
of the bullseye which the bird had to hit in order to 
score. It will also be seen that since the installation of 
various kinds of bird guards, which was done mainly 
during the last half of 1923, that the occurrence of 
flashovers has been of about the same frequency as 
during 150 kv. operation. 

When it was first determined to put on bird guards, 
two factors were underestimated; first, the lateral 
distance from the center line of the insulator string from 
which a roosting bird could cause a flashover when the 
wind was in the right direction to carry the stream of 
excrement into the vicinity of the conductor, and 
secondly, the birds intelligence. He had used that 
tower for a roost and observation point for years and 
looked upon any effort to oust him as an invasion of his 
rights, and he proved quite clever in surmounting the 
difficulties first put in his way. 

1. Research Engineer, Southern California Edison Co. 

2. Transmission at 220 kv., Section 1, by H. Michener. 


Presented at the Pacific Coast Convention of the A. I. I. E., 
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In the winter months of 1924-25 observation on the 
line showed that the birds, prevented from roosting on 
the more accessible parts of the tower, were accommo- 
dating themselves to new conditions and getting in on 
secondary members of the steel work that it had at first 
been considered unnecessary to guard, so that the line 
is not yet fully equipped with absolutely bird proof 
devices and the flashovers still occurring have in each 
case been traced to imperfect bird guards. 
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1—Recorp oF THE NUMBER OF FLASHOVERS ON 
Creek Lines; Torats By Monrus AND YEARS 


Fig. Bia 


The commercial significance to service of the flash- 
overs has become a vanishing quantity now that reliable 
automatic relays are in use, provided duplicate section- 
alized lines are available which will not be overloaded 
upon the loss of a section. The effect of a flashover 
upon received voltage and frequency is shown in Fig. 2 
and is seen to be inconsiderable and momentary. 

The space distribution of flashovers along the line is 
given in Fig. 3, the remarkable similarity between the 
distributions for 150-kv. and 220 kv. operation is at 
once apparent. This in itself is significant of no new 
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factor having arisen with the increase of voltage, in 
fact, it is very evident that the tendency to flashover 
chiefly depends upon the location of the insulator along 
the line. 

POSSIBLE CAUSES OF FLASHOVERS 

Considering other possibilities than birds, the exciting 
cause of flashovers might be either internal, such as 
standing or traveling waves of abnormal voltage, or 
sustained high-frequency capable of breaking down 
relatively large air spaces; or external, such as lightning 
or highly ionized air. 

The three horizontal conductors are asymmetrical 
with regard to the ground wire so that the outer con- 
ductor most remote from it should suffer most from 
lightning disturbance. During 150-kv. operation, 66.3 
per cent of flashovers were on the middle conductor, 
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Fig. 2—DisturBANCE CAUSED BY FLASHOVER TO SyYsTEM 


FREQUENCY AND VOLTAGE AT Two Ky. Susstatrons 


after going to 220 kv. this percentage increased to 
88.5 per cent. : 

Evidently, no distributed atmospheric affect is re- 
sponsible. This eliminates ionized air and lightning, 
especially since practically all of the flashovers have 
occurred when there was no lightning. 

The possibility or otherwise of internal disturbance is 
not so easily disposed of, and in an effort to clear up this 
question a few investigations were undertaken. 


CORONA 


It has been suggested that corona on the arcing horns 
of the old 150-kv. equipment might be a starting point 
for the high-frequency streamer, in fact, that the least 
bit of corona was a dangerous thing to have around. 
In November 1921, hollow copper balls, some 3-in. and 
some 4-in. diameter, were put over the ends of the arcing 
horns on the middle conductor of the East Line from 
mile 105 to mile 163 where, as may be seen in Fig. 3, 
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ae eS 
flashovers were above the average in frequency. These 
balls suppressed the corona, did not decrease the arcing 


distance and improved the voltage distribution of the 
insulator string, but the three next flashovers in that 
month and three out of four in December were over 


ball protected insulators.. Evidently, corona was not 
the cause of the breakdowns. 


re 


PHOTOGRAPHIC SURGE RECORDER 


At the time these matters were being studied in 1921, — | 
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preparatory to increasing the line voltage to 220 kv., 
there did not appear to be available any commercial 
voltage surge recorders that were suitable to our pur- 
pose, so we combined a kodak film with the clockwork 
mechanism of a curve drawing wattmeter, and there 
resulted a somewhat crude daylight loading surge 
recorder using standard 3A film. é 


« 


2300 


Fig. 4—Ca ipration or SurGr RecorpDER ON A.-C. VOLTAGE 


Six hemispherically-ended metal wires, together witha 
grounded metal drum, formed six spark-gaps of different 
lengths through which the film passed. The spark-gap 
terminals were all connected in parallel across the 
ground-end unit of a string of insulators hung from the 
line under test, and so shielded as to provide a suitable 
voltage for the recorder. The parallel gaps broke down 
successively at increasing voltages as long as the insula- 
ting celluloid film was in them, as shown in Fig. 4, which 
is a laboratory calibration using a-c. yoltage. The 
film was driven by a weight-actuated mechanism, the 
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clock regulating the speed. The whole device was 
enclosed in a wooden box supposed to exclude light. 
One of the spark-gaps was used to mark time, being 
in series with a commutator that broke circuit evers 
two hours and was driven by the same clock that regu- 
lated the film speed. The instrument is shown in Fig. 5. 

This instrument was in use,on the Eagle Rock 
150-kvi bus for three months and was then installed at 
Vestal. A record obtained by its use is shown in Fig. 6. 
The broad band at the left is the discharge from the 


Fic. 5—Puorocrapruic SurGE RECORDER 


first gap which was set at just below normal voltage, 
the second gap went over at approximately 1.25 and the 
third one at 1.50 times normal voltage. The right 
hand band is from the timing point working indif- 
ferently well. a4 

It was the general rule to kill the bus before aude 


Fig. 6—Sureres Recorpep at Eacie Rock on 150-Kv. Bus 
any one to the bus compartment for the purpose of 
changing films, and it was soon found that this station 
‘switching caused the highest voltages that were re- 
corded, none of which, however, exceeded approxi- 
mately double normal. The recorder was in operation 
upon the 150-kv. bus at Vestal after the line had been 
raised to 220 kv. but was never installed directly upon 
the 220 kv. line. It had satisfied us that there were no 
voltage surges on the 150-kv. system of anywhere near 
sufficient magnitude to cause flashovers. 

This recorder suffered from many defects, largely ofa 
mechanical nature; difficulty was encountered in 
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getting the film to reel up smoothly on the receiving 
spool, and considerable fogging of the film took place 
when installed out of doors from leakage of light through 
the containing wooden box, the time-recording device 
was imperfect, and the indications were not at all 


Ge 300 Surg 
1 | © Measi sived at Tasmae Be i — 
Caused by Local Switching } 


Asal *“"—_T+1 7-7. 684 Surges Measured at 7 
i eee | \ + all Recording Stations 


| | | 102 Surges Measured at 


= all Recording Stations 
| | Causes Unknown 
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VALUE GIVEN BY ORDINATE 
7—RELATIVE PERCENTAGE OF VOLTAGE SURGES OF 
DIFFERENT AMPLITUDES 


TOTAL VOLTAGE IN TIMES NORMAL 
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precise increasing as they did by 25 per cent steps. 
Still it worked after a fashion and indicated conditions 
that have since been confirmed by more perfect 
apparatus. 

KLYDONOGRAPH TESTS 


Some time later, the Westinghouse Electric Company 
brought out its Klydonograph’ surge recorder in which 
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IN KILOVOLTS x 10°PER SECOND 


MAXIMUM STEEPNESS OF WAVE FRONTS 


Analysis of 265 Wave Fronts 


Or at : 10 2030 50 70 9095 99 99.9 9999 
PERCENTAGE OF TOTAL NUMBER OF WAVE FRONTS 
NOT EXCEEDING VALUE GIVEN BY ORDINATE 


Fic. 8—RELATIVE PERCENTAGE OF WAVE FRONTS oF DIFFERENT 
Maximum STEEPNESSES 


only one recording point is used and the magnitude and 
character of the voltage estimated from the size and 
nature of the picture produced. Through the courtesy 
of the Westinghouse Co., installations were made at 
Big Creek No. 1, Vestal, Magunden and Laguna Bell. 


3. The Klydonograph and its Application to Surge Investiga- 
tion, by J. H. Coxand J. W. Legg. 
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These installations were in service 89 days at Big 
Creek No. 1, 75 days at Vestal, 71 days at Ma- 
gunden and 119 days at Laguna Bell. There were 684 
indications of voltage rise and 556 indications of wave 
front slope recorded. More than a normal amount of 
switching was being done at the timeasone line was taken 
out of service every night to reduce losses. The approxi- 
mate number of oil-switch operations performed on the 
220-kv. system averaged over 36.3 per day and about 
18 daily oil-switch operations were made on the 150- 
kv.-station busses which are conductively coupled to 
the 220 lines through auto-transformers. The average 
total number of surges per day was 8.71. The ratio of 
number of surges to switchings being 24 per cent if only 
the 220-kv. switching is considered and only 16 per cent 
if the 150-kv. switching be included. 

The relative percentage of abnormal voltages of 
different magnitudes is shown in Fig. 7 plotted upon 
probability paper. The very close conformity of the 
plotted results with a straight line indicates both that a 
sufficient number of observations were obtained to get 
representative results, and also that no particular 
predominating cause exists that is responsible for surges 
of any particular value. 


The curve for surges measured at Laguna Bell, due 
only to local switching operations, is practically coinci- 
dent with the curve of all causes for the whole of the 
system. From this we may conclude that the magni- 
tude of the voltages resulting from normal switching 
operations was, on an average, independent of the loca- 
tion of the switching. 

The surges of unknown origin which could not be 
correlated with switching on the 220-kv. system aver- 
age of lesser magnitude. 

The steepness of wave fronts is shown in Fig. 8. 
In this case the probability law is followed up to wave 
fronts of about 10 x 10® kv. per sec. Above this value 
results are erratic. This is explainable by the fact that 
the greater part of the observations between 2 « 108 
and 10 X 10° kv. per sec. were obtained at Laguna Bell 
as the result of a great number each, of a number of 
different switching operations, whereas the steeper slopes 
were observed at Vestal and Magunden and are 
inherent to a few particular operations at those sta- 
tions. The curves therefore seem to indicate that 
slopes of wave fronts originating at different stations 
are of different orders of magnitude, whereas, the am- 
plitudes of potential surges at different stations are of 
the same order. It may be pointed out for compari- 
son that the maximum steepness of normal 50-cycle 
sinusoidal waves at 220 kv. is 0.0564 x 108 kv. per 
sec. 

The evidence as to the extent that surges are trans- 
mitted over any considerable distance is rather hard to 
interpret depending somewhat upon the definition of 
the word “surge.” 


A surge might be considered to have traveled: 
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1. When a voltage rise is due to switching at a 
distance. 


2. When antenna indications of current waves show 
them to have traversed certain distances. 


3. When records of voltage rise are found at two or 


; TABLE I . 
TRANSMISSION OF VOLTAGE DISTURBANCES 


| Number of disturbances Recorded at 


Laguna Bae; 
Recording Station Bell |Magunden| Vestal No. 1 
Total Number recorded. .... . 


402 38 17 
Number originating at Laguna : 
Bell and also recorded as 


Ditto originating at Magunden 


Ditto originating at Vestal. ... 
Ditto originating at B.C. No.1 
Ditto origin unknown........ 


rKOrnNww’ 
ococo:: 
oo: coo 


more separated points all due to a common localized 
cause. | 

It has been thought best to confine theevidencetothat 
under heading No 38, as this required direct proof of the 
transmission of a voltage disturbance, while Nos. land2 
do not necessarily do so. Such evidence is given in 
Table I and shows to what an insignificant amount 
such action occurs over the distances in question. 
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Fig. 9—Switcuine DraGram or 220-Ky. SysTrM 


The antenna instruments gave many indications of 
current rushes in the line without corresponding voltage 
records being obtained. Apparently there was not any ~ 
definite relation between voltage amplitude and wave 
front steepness. 


For those who care to analyze further, Fig. 9 presents. 
a switching diagram of the system and Tables II and — 
III show the different switching operations performed, 
together with the range of the resulting surges. 1 ; 

It should be noted that even though the disconnects 
at the main switching stations only make or break the — 
charging current of a few feet of bus and one side of an _ 
open oil switch, that when so doing they « cause voltage — 
rises of as high a value as do other suite opeee § ; 
that involve 100 miles of line. 
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TABLE II 


CAUSES AND MAGNITUDES OF SWITCHING SURGES 
A. SURGES MEASURED AT LAGUNA BELL 


No. of Total Voltage in Times Normal 
Records 
Nature of Switching d Obtained Min. Avg. Max. 
Disc. closed 1 ie 
West Line closed 1 12 
East Line closed 3 0.9 Lat 1.4 
West Line closed 1 1.5 
- East Line opened North a | 1 oa} 
East “ “South a y ies? 1.3 a ye 
_ “ closed South 1 12 
West “ opened South 5 1.5 1.6 1.6 
« «closed South 1 es 
Disc. closed 1 £6 
Parallel opened 3 ro i-2 Es. 
“closed 1 1.7 
cid opened 6 PAE 2 5 
hes one opened North 6 0.9 EAS 1.8 
“South - 3 1.0 1.2 1.4 
West “ “North 3 1.1 1.2 1.3 
a “ “South 6 u DE 1.3 1.5 
on “closed North 1 1.3 
e “opened South 4 1.0 1.4 7 
Disc. opened 2 4 1 a 6 
rig Line opened North 4 12 1.6 Zack 
e «South 3 Les: 1 ess rs 
- “closed North 6 p tig @ 0.3 1.4 
West “ opened South 27 0.8 5 Os 2.4 
és “closed North 4 0.9 1.0 1 as 
a“ “ “e South 6 1 16) i 3 1 Sg 
Disc. opened 3 1:4 b arg Dae 
“closed 1 sap A 
Parallel opened 3 n a 1:2 1.4 
a closed d 1 tact 
East Line Opened 32 0.7 ies 1.9 
oe “closed 10 0.8 1.0 15 
West “ opened 34 0.8 be] 1.9 
* “closed 7 26 0.8 iS 22 
nce ss from South to North bus 72 0.8 1.4 2.1 
“North to South “ 61 0.7 1.4 2.2 
Parallel busses 10 tO tS 5 Ne 6 
North bus opened — 2 1.0 1 eae bs | 
South “ es 4 1.2 1.5 1.8 
ic “ closed 3 1.6 LiF 1.8 
Disc. opened 14 Dee! 1.5 1.9 
«closed if 1.6 
Transformer put on bus 1 i Tae 8 
ge taken off “ 8 0.9 1.4 1.8 
Changed Transformers 7 0.9 122 1.8 
Fe B. SURGES MEASURED AT MAGUNDEN 
East Line opened South . P) 0.9 0.9 0.9 
“ ts closed “ 1 of ‘: 5 
West “ce “ “ ; 1 1.5 
East “ opened South 2 Tes 1.3 ie 
« "closed North 1 aaa 
«“ ar South = 7 i es} rg 22 
West “ opened South 10 0.8 tot 1.5 
5 “closed North : 2 0.7 Lia 1.6 
bs mn «South 9 0.8 1S) 2.1 
Disc. opened 3 1.2 1.6 2.0 
Cc. SURGES MEASURED AT VESTAL 
Disc. closed j are 2.0 
East Line opened South 2 1.0 1.0 1.0 
_« — «  elosed North bs 1 - 2.0 
West “opened South 3 0.9 aed, 2:1 
“closed South 5 1.3 2.0 2.4 
1 1.2 
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TABLE II (Continued) 
CAUSES AND MAGNITUDES OF SWITCHING SURGES 
. No. of Total Voltage in Times Normal 
Location of | Records ; 
Switching Nature of Switching Obtained Min. Avg. Max. 
: D. SURGES MEASURED AT B. C. NO. 1 
| “= - 
B. C. No. 1 | East Line closed 2 Et en Lv. 
West opened | 2.0 ee 
ce closed 4 0.9 1.5 2.2 
Dise. closed 1 Les 
Generator taken off 2 p HEY 1.8 1.8 
5 | 
B. GC. No. 2 East and West lines parallel 1 1.9 
B. C. No. 8 | 1 1.9 
B. C. No. 3 East Line closed North and South 1 9 
West South | 3 2.0 2.1: 23 
Farmersville Parallel opened 1 2.0 
Vestal East Line opened North 10 0.8 1.5 2.3 
Ee: 2s South - 1 2.3 
| West North 1 2.0 
| 
Tower 118-5 Flashover, East Line 1 1.9 
| 
Magunden Bast Line opened South 2 1.6 2.0 2.3 
closed North 3 ie 2s k 3.2 
SS South l bt 
West opened South 2 | 1¥ i Wa’ 2 MY 
| Dise. opened 1 Lot 
Lavuna Bell East Line opened 1 | 1-9 


Some explanation of the meaning of voltage rises 
of less than 1.0 times normal is due. 

The klydonograph actually records a measured 
fraction of the line voltage, an electrostatic poten- 
tiometer being used to effect this. Between the kly- 
donograph and potentiometer is a sphere-gap adjusted 
to breakdown for a slight increase in line voltage and 
give a corresponding size of picture on the photographic 
plate. 


TABLE IIL 
MAGNITUDE OF SURGES 
SURGES OF UNKNOWN ORIGIN 


| No. of Total Voltage in Times Normal 

Records | ~~ | — 

Measured at Obtained | Min. Avg. | Max 
aye ee = ——— = | + == = 

Laguna Bell Pee ee ea a, | 2.3 

Magunden | 4 | Tet Teo | 1.5 

Vestal 3 Wee ee gi 8 cy 

BAG «Note gl oso} Slee. Maneatis 


Records were occasionally found upon the plate cor- 
responding in size to voltages less than the normal 
breakdown value of the sphere-gap, and these have been 
included in the tabulations, as found, as less than unity 
surges. The calibration of the photographic plate at 
these low voltages is somewhat uncertain especially 
when the duration of the surge is so short that onl ya 
few rays are formed in the picture and this is the prob- 
able explanation of pictures of a size less than corre- 
sponds to the series spark-gap. In any event these 
apparently subnormal surges are only of academic 
interest and have no bearing upon flashovers. At 


supernormal voltages the accuracy of the calibration is 
probably well within 15 per cent at twice normal volt- 
age and better yet at higher voltages. Calibrations 
made at the factory, in the Southern California Edison 
laboratories and in the field, check very well and prove 


EN Line 


Current L298 Thon 20003 2. 


Fic. 10—Line Vouttace To GrounpD aT Bie CrEEK No. 3 


Fie. 11—Line Voutace to GrounpD at VESTAL 


that the obtaining of 0.7 times normal pictures does not 
mean that the whole calibration of the klydonograph 
is 43 per cent low. 


TERTIARY AND RESIDUAL CURRENTS ; 


To determine whether there were any abnormal 
residual, tertiary, or other odd harmonic currents or 
voltages a number of oscillograms were taken, nothing 
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Fie. 12—Line Votrace to Grounp at Lacuna Bei 
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Fig. 13—Tertiary CurreENT IN AvtTo-TRANSFORMERS 
SECONDARY VOLTAGE AT Bia Creek No. 2 


AND 


Treanstormerns 


Ver tiery 3 
} 
Current 6.Geamp — 


Groved et irs 
tye-iA a highrise FiO om& 40 
Te 


Fig. 14—Terrriary AND Restpuau To Grounp at Hacir Rock 
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Wig. 15—ResipvaL To Grounp AND SECONDARY VOLTAGE, 
AT Bia Creek No. 1 
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Fig. 16—Resipuat to Grounp AND SECONDARY VOLTAGE 
AT VESTAL 
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Fic. 17—Restpvat to Grounp at Laquna BEL 
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out of the ordinary being done, except, perhaps, in ob- 
taining oscillograms of line voltage direct without inter- 
posing potential transformers. 

This was accomplished by using a 50-ft. length of 
14-in. common garden hose filled with water as a re- 
sistance in series with the oscillograph element, with a 
precautionary shunt, in parallel with the element. No 
special difficulties were encountered except that in the 


TABLE IV 
TERTIARY CURRENTS IN AUTO-TRANSFORMERS 


| Approx. 
Per cent 
Rated of rated 
Transf. Tertiary Voltage Voltage 
Station Bank Amps. of Tertiary on Transf. 
—— 4 = - | 
Eagle Rock..... Bast Line 6.6 11,000 86.4 
West Line | 7.5 11,000 86.4 
Westaks toc 6 148s North 128. | 2900 96.9 
South 149. 2900 96.9 
BG. No; 1... : North 119. 2900 100 
South i Salitre 2900 100 
BYCONG: 2... on East Line 122. 2900 100 
West Line 16 | 2900 100 


first trials the water in the hose lowered in level at the 
high voltage and, due to leakage and evaporation, 
whereupon a small internal are burned up that end of 


TABLE V. 
RESIDUAL CURRENTS TO GROUND 


Transf. Residual | Rated 
Station Bank Amps. | Voltage 
Eagle Rock. - East 4.0 220000 /150000 
West 4.0 i SS 
Laguna Bell. . No. 1 2.8 200000 /72000 
No. 3 1.6 ie a 
Wiestelaresicsona South 0.6 | 220000 /150000 
North 0.6 A i 
Bee! LIN Os 1s we ers North 0.84 | 220000/150000 
South 0.88 a s 
Nov Zero 0.96 6600 /150000 
No. 2 load 0.96 e ES 
No.3 16000 0.20 
No.3 Kw. 0.84 ‘a = 
B. ©.. No.2 No.1 1.52 6600 /150000 
No. 2 1.52 = e 
No.3 1e52 ‘ as 
| Total No. 1, No. 
2, No.3 3.52 bd a 
E Line 1.24 220000 /150000 
W Line 1.44 # ee 
No. 3 4000 Kw. 1.6 6600 /150000 
No.3 7000 “ 1.6 
No.3 9500 “ 1.6 
EBs GIS IN Oar Sieiata niet Total less than .04 11000 /222000 
Bt GIN Os Sirnties cs No.1 2.72 11000 /220000 
No. 2 2.88 ss re 


the hose. This difficulty was entirely overcome by 
having a small reservoir of water (old 5 gal. oil can) at 
the high-voltage and high-level end, this supplied losses 
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and kept the hose full of water. The current through 
the hose and oscillograph to ground varied from 
37.0 milliamperes at Laguna Bell, to less than 0.3 
milliamperes at Big Creek No. 3, showing resistances of 
the 50 ft. of hose of 3.36 and 423 megohms respectively. 
This, it may pe remarked parenthetically, istruly indica- 
tive of the relative difficulties in the two locations of 
obtaining good ground connections for transformer 
neutrals. 

Efforts were also made to determine the crest voltage 
on the line by direct sphere-gap measurements putting 
the sphere-gap at the ground end of the 50-ft. hose full of 
water. The drop of voltage along the hose due to 
charging currents rendered the method useless and we 
had to be satisfied with the wave shape of voltage ob- 
tained as previously described. 

The results of the investigations were negative so far 
as supplying any reason for flashovers was concerned. 
Third, fifth, and ninth harmonic currents were no larger 
than was to be expected and voltage waves were 
apparently so nearly sinusoidal that we did not indulge 
in harmonic analysis. 

Examples of the results are shown in Figs. 10 to 17 
which are self-explanatory. Table IV gives a summary 
of the magnitude of tertiary currents and in Table V 
will be found the values of residuals to ground. These 
residuals are due to the impedance of tertiary windings, 
generator harmonics other than multiples of the third, 
and unbalance of the lines which are not transposed, and 
possibility to shght transformer inequalities. Consid- 
ering the magnitude of the system, and the untrans- 
posed line, the residuals are small. 

The search for abnormal and startling effects has 
been distressingly unsatisfactory from a spectacular 
point of view, but most reassuring to those who con- 
template the use of high voltages for transmission. 
Not only have no unusual effects been discovered but 
not even the beginning or tendency towards them has 
been made manifest.. We have particularly looked for 
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evidence of sustained high froquentiog we are co ifid 
there are none. ‘ 
CoNcEReTe: 
1. Corona in the amount found upon arcing ho 
did not cause flashovers. ; 
2. No voltage surges occur of sufficient magnitude 
to cause flashover or damage to apparatus. 3 
3. Switching causes rises of voltage as great dS any 
recorded. S| 
4. Voltage rises recorded at the times of two flash- 
overs may have been due to subsequent switching : 
were less than many known to arise from switching. © 


system may be done without fear of danger. | 
6. Only very occasionally did voltage surges travel _ 
even 35 miles without being greatly attenuated. | 
7. Such alternating surges as were found were _ 
highly damped, being usually of but one alternation. 
8. There were no harmonic resonances or distortion | 

of voltage wave shapes. 7 
9. Residuals to ground were small. | 

10. There were no sustained high-frequency effects, | 
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Advances in Use of Electricity in Mines 


By Committee on Applications to Mining Work: 


l \HE work of this committee is, of necessity, limited 
very largely to the securing of papersfrom represent- 
ative mining engineers. 


During the year several such papers have been 
presented, including one by W. C. Adams of the Allen & 


1. Annual Report of Committee on Applications to. Mining 
Work. 
F. L. Stone, Chairman, 
R. T. Andrea, 
C. N. Beebe, 
M. C. Benedict, 
Graham Bright, W. A. Thomas, 
H. W. Eales, C. D. Woodward. 
Presented at the A. IT. BE. E. Annual C onvention, Saratoga 
Springs, N. Y. June 24, 1925. 


John A. Malady, 
D. C. McKeehan, 
W. F. Schwedes, 


Garcia Co., on ‘‘Coal Mine Electrification;’ one by 
Shelton and Stoetzel on “Electric Shovels; one by 
W. C. Clark of the Westinghouse Co. on “Application 
of Motors to Mine Locomotives;” and one by your 
Chairman, entitled “Electricity in Mines.” 


The subject of mining does not seem to particularly — 
interest many A. I.E. E. members, and it was very 
difficult to draw out a good discussion on any of these — 
papers. The reason for this, the author believes, is — 
more or less obvious and is due, at least in Tee to the 


its problems. The Chairman is convinced that ve 
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_ only way to stimulate interest at a mining meeting 


and possibly break down this impression, is by holding 


the mining session in conjunction with some local 


mining society. If this is done, it seems certain that the 


_ members of the mining society will turn out and will be 


the committee on mine applications. 


glad to cooperate and participate in the discussion of 


_ such points of interest as may arise. 


There seems to be very little constructive work for 
This field has 


been very well covered by other organizations; thus 


it would seem that the only work left for this committee 


is to keep constant watch on the development and assist, 
whenever possible, in the improvement of mine 
electrification. 

During the year there has been no outstanding and 
novel development in the application of electricity to 
mining projects, but, on the other hand, there has been 
a steady and healthy growth of this application. Larger 
projects have been undertaken and put through to a 
successful finish than ever before. One notable in- 
stance is the five-mile belt conveyor underground at the 
Colonial Mine of the H. C. Frick Coke Co. Here we 
have coal transmitted on a belt conveyer from the mine 
face to the docks, a distance of approximately five 
miles, on twenty sections of conveyer at a speed of 


_ 450 to 500 ft. per minute. This conveyer has a potential 


b capacity of some 10,000 tons per day. 


It has been in 
operation for some considerable time and can be 
stamped as entirely successful. 

Another notable installation is that of the largest 
coal mine hoist in the world; namely, the 4000-h. p. 


_ Ward-Leonard coal mine hoist which operates in the 


Orient No. 2 Mine of the Chicago, Wilmington & 
Franklin Coal Co. 

The Old Ben Coal Co. has purchased three 2200-h. p. 
coal mine hoists, two of which are in operation, the 
third to be installed shortly. 

From a business standpoint, the bituminous mining 
industry finds itself today in a very unfortunate 
condition. 

The majority of coal operators feel that cheaper 
production of their product will help matters to a 
considerable extent. The author believes the actual 
savings that result from complete electrification are not 
fully appreciated by all operators. Reliable records 
show savings as high as 25 cents per ton, resulting from 
change-over from steam to electricity in the same mine. 
Further, the stand-by losses when mines are electrified 
are very greatly reduced, so that shut-downs and idle 

‘periods are not such serious matters from a cost stand- 
point with electrified mines as they are with steam- 


7 driven mines. 


_ 


* 


The electrification of coal loading machinery is 
receiving a great deal of attention from the manufac- 
dl engineers as well as from the coal mine operators. 
Phere j is no other practical method of drive for these 
_ machines, and, like the majority of mine applications, 


a ee 
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improper motors have been applied on early machines 
with the usual result. 

There is still a great deal of work to be done of an 
educational nature so far as the mine operator is 
concerned. The motors required for his work should 
be, almost invariably, of a special design, laid out to 
meet mining conditions. Standard industrial motors 
are very rarely applicable to this class of work, and their 
application usually ends in delays and dissatisfaction. 

In conclusion, it is suggested that something might 
be accomplished by the formation of a joint committee 
on Application of Apparatus to Mines; this committee 
being made up of the chairmen of the various com- 
mittees at work on this subject in other societies such as 
the American Institute of Mining and Metallurgical 
Engineers, the American Mining Congress and the 
United States Bureau of Mines; these gentlemen meet- 
ing with the chairman of the committee on ‘“‘Application 
of Electricity to Mines” of the American Institute of 
Electrical Engineers; this latter body possibly acting 
as sponsor for such a committee. Such a committee 
could review the work already done along this line and 
suggest changes or give its approval. 

The most outstanding work along this line has been 
done by the committee on Underground Transmission 
and the committee on Power Equipment of the Ameri- 
can Mining Congress. These committees, working 
jointly, have prepared a set of rules and suggestions for 
the installation and care of electrical apparatus in and 
around mines. These rules and suggestions are, at the 
present time, before the American Engineering Stand- 
ards Committee for its approval. A committee made 
up of the personnel above suggested might go 
over these rules and suggestions in a constructive man- 
ner, and, if their approval is received, would undoubt- 
edly help the mining industry to some extent at least. 


UNIQUE SWIMMING POOL ILLUMINA- 
TION FURNISHED BY UNDERWATER 
FLOODLIGHTS 

A unique electrical installation, consisting of an 
underwater illumination system, has recently been 
placed in operation in a large bathing pool in the vicinity 
of San Diego, California. Embedded in the walls of 
this pool is a set of large flood lights, placed at a depth 
of 9 feet. The lighting units are enclosed in a large 
pyramid-shaped casting, having a vent at the top 
leading through a goose-neck to a manhole back of the 
pool walls. The lamp unit is protected from the water 
by an 18-inch disk of Pyrex glass 7/16 inches thick. 
Difficulties as to the cracking of heavy plate glass had 
been numerous until the adoption of the heat-resisting 
glass. Water onone sideof the glass at low temperature 
and the heat generated by a 500-watt lamp in the unit 
on the other side of the glass, together with moisture, 
condensation, and other mechanical factors, have 
provided considerable basis for experimentation on this 
installation. 
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Synopsis:—The paper presents the results of wattmeter measure- 
ments of iron loss in a small experimental reactor designed for a-c. 
and d-c. excitations. All the resistances were measured by the d-c. 
volimeter-ammeter method, and the I? R losses were subtracted from 
the total wattmeter readings. A-c. core losses are plotted against 
d-c. excitation for various a-c. flux densities. These curves were 
checked qualitatively by means of hysteresis loops taken with a 
special bilateral oscillograph. 
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All results show a comparatively small change in core loss as d-c. — 
excitation is added, the core loss even showing a decrease when the 
a-c. saturation is high. 


The core loss proper is distinguished from the double frequency | 
circulating current copper loss, and means are given for decreasing 
this I? R loss. 


INTRODUCTION 


N thesis work at Massachusetts Institute of Tech- 
| nology in 1924, the authors investigated the losses in 

iron under the action of superposed alternating- and 
direct-current excitations, and the results of this in- 
vestigation are given herewith. This paper was pre- 
pared while the authors were connected with that 
Institute. 


The question of superposed excitation is one of wide 
interest in electrical engineering as it occurs in one 
form or another in.many electrical machines. Perhaps 
the best known example is the d-c. saturated regulator 
and reactor. Some rectifier circuits have transformers 
that are partially saturated with direct current, and the 
question of iron loss may be very important in connec- 
tion with the proposed high-voltage, d-c. transmission. 
Practically all rotating machinery is subject to magneti- 
zation at two or more frequencies at the same time, 
especially in the teeth and pole tips. Telephone and 
telegraph circuits also carry both direct and alternating 
currents In many cases. 


Previous investigators in this field have found, in the 
main, a very decided increase in a-c. iron loss with an 
increase in d-c. bias, sometimes amounting to fifteen or 
twenty times the usual core loss. Only a few reports 
show any decrease in the iron loss. In most of those 
which show excessive losses, the circulating double 
frequency current which appears in the d-c. circuit or in 
some other winding on the core when direct-current 
excitation is added, has either been neglected or there 
have been other possible errors in the method of mea- 
suring the core losses. 


They all agree, however, that the classical formula of 
Steinmetz expressing hysteresis loss does not hold at 
high-flux densities. Ball and others have attempted 
to fit the Steinmetz equation to the case of superposed 
fluxes by changing the value of the exponent and using 
some value of B which is a function of both the a-c. and 
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d-c. flux densities. Although the authors cannot, at — 
the present time, propose an exact formula, they be- 
lieve that the hysteresis loss actually begins to decrease - 

at .very high d-c. flux densities, and finally becomes — 
zero when the total change in flux caused by the a-c. | 
component takes place above the saturation point of the | 
iron. 


The eddy-current component of core loss depends — 
upon the a-c. flux change and not upon the d-c. com-— 
ponent, and if the a-c. flux wave remains sinusoidal, — 
the eddy-current losses should not change with an in- 
crease of d-c. excitation. As a matter of fact, the wave 
forms do become somewhat distorted, and the eddy- — 
current loss probably goes up somewhat when direct — 
current is added. : 


The authors found that total core losses remain 
practically constant for a given a-c. flux density, re- 
gardless of the amount of d-c. flux in the iron, though 
some change did occur at high and low a-e. flux densi- 
ties. The losses increased when d-c. excitation was 
added if the a-c. saturation was low; and decreased if 
high. The loss curves were taken from wattmeter 
readings and were checked by dynamic hysteresis loops 
taken with a bilateral oscillograph. A study of the 
accuracy of this oscillograph was also made and they 
believe the loops shown are substantially correct. 


METHOD OF TEST . 


The method consisted of measuring the total input to 
an iron-core reactor by a low power factor wattmeter | 
and subtracting the J? R losses in the windings, leaving : 
the difference as the core loss of the reactor. Two © 
circuits were used. One had the direct current and — 
alternating current in series in the same coil, forcing all 
of the J? F loss into this one coil where it could be easily _ 
measured; the other had three coils, two carrying direct | 
current and the third, alternating current alone. The © 
latter had the advantage of better wave form but still - 
brought the second harmonic current into one wands 
where it could be measured. 


The series circuit is shown in Fig. 1. A storage 5 
battery supplied the direct current and-a series resist- 


S 
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ance regulated its value. Dynamometer ammeters 
were used to measure the current. A transformer kept 
the direct current out of the alternator windings. All 
_ voltage and frequency regulations were made with the 
field controls of the 5-kw. motor-generator set. The 
core under investigation weighed 20 lb. It was built up 
of 25-gage (0.022-in.) U.S. electric sheet with lap-joints. 
The outside dimensions of the core were 9 by 9 by 
2in. The cross-section of the middle leg was 2 by 2 in. 
while that of the rest of the core was 1 by 2in. This 
gave 4 sq. in. for the a-c. flux path and 2 sq. in. for the 
d-e. flux when the three-coil circuit was used. 
In taking readings, it was found necessary to measure 
the resistance at every point because of the effect of 
temperature changes while taking data. This was done 


To 
Alternator 


Transformer 


D. C. Ammeter 
= Battery 


Open 


Fie. 1—Srries Connection SHOWING PosiTIONs OF 


INSTRUMENTS 


by the voltmeter-ammeter method using double-pole, 
double-throw switches to put the direct current alone in 
the windings. Carefully calibrated d-c. instruments 
were used, as the resistance had to be known with great 
accuracy in order to make the “subtraction method” 
at all reliable. With this arrangement, however, no 
_ difficulty was found in checking readings at different 
temperatures. 
Fig. 2 shows a set of curves of core loss at various 
flux densities taken with the series circuit. The 
; densities marked on the curves were figured from the 
lied voltage, and sine waves were assumed. If 
ted for wave form and I R drop, the values would 
fe slightly lower than those indicated. 


Since these curves did not agree at all with some 
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similar curves taken at Massachusetts Instituté of 
Technology in 1928, or with the results of other investi- 
gators, an attempt was made to discover the discrepan- 
cies. The circuit used in the M.I. T. report of 1923 
is shown in Fig. 3. On considering this circuit, it was 
found that an alternating current of double frequency 
must flow in the direct current circuit, even though the 
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Densitins Prorrep Agarinst D-C. AmprrEe-TurRNS. ALTERNAT- 
ING AND Direct CURRENTS IN SERIES IN THE SAME WINDING. 


d-c. coils were balanced with respect to the fundamental 
when no current was flowing in them. If the direction 
of the winding is such that the a-c. voltages in the d-c. 
coils buck, it will be found that the a-c. flux will be with 
the d-c. flux in one core and against it in the other. This 
means that there will be a greater change of flux in one 


To A.C. 
Source 


A.C. FI 
D.C. Flux 
To D.C. 
Source 
Fig. 3—CoNNECTION USED IN TAKING CuRvES oF Fria. 


core than in the other, due to the shape of the mag- 
netization curve of iron, and hence more voltage will be 
induced in one coil than in the other at a given instant. 
This will produce a circulating current of double fre- 
quency. In fact, this is almost the identical circuit 
used at the Sayville Radio Station as a frequency 
doubler, and was first developed by Count von Arco. 
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When this circuit was duplicated with the identical 
reactors used in the work of 1923 but with an ammeter 
in the direct-current side that would read the square 
root of the sum of the squares of the r. m .s. alternating 
currentand the direct current, and when the I? R loss due 
to the circulating current was subtracted, the core loss 
checked that found by the simpler series circuit. At the 
a-c. flux density used it decreased slightly as direct 
current was added. 

There was one peculiarity that is shown by Fig. 4. 
The upper line is the curve of “core loss” given in the 
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8 
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Fig. 


previous report, which really included the circulating 
current loss in the d-c. circuit; the lower curve is the 
same thing as read by our wattmeter. The true core 
loss lies under the lower curve. An explanation of the 
large difference is found in the different constants of the 
d-c. circuits. The upper curve was taken using direct 
current from the d-c. mains at 115: volts—a large re- 
sistance was necessary to cut it down to a value required 
for the windings on the reactors. In the lower curve, 
direct current was supplied from a storage battery of 
only a few cells, and a very small resistance was needed 
to regulate the current. In this case the second har- 
monic path was practically a short circuit, while in the 
first case it had a large resistance load in it. 

It was discovered that as the resistance of the d-c. 
circuit was varied and the direct current kept constant 
by varying the voltage at its source, the circulating 
double frequency current remained substantially con- 
stant and approximately equal to 7,././2. This led to 
the suggestion that a short-circuited winding be pro- 
vided in parallel with the d-c. winding in which this 
current could flow. This was tried and the total losses 
were still further decreased. The loss due to this cur- 
rent can be made about the same value as the iron loss 
without using an excessive amount of copper in this 
short-circuited coil. Since the r.m.s. value of the 
circulating current is I,././2, if no parallel short- 
circuited coil is provided for the circulating current, the 
loss due to it will be equal to one-half the direct-current 
I? R loss in the entire d-c. circuit, including the source of 
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very similar to those shown in Fig. 2 exc 


supply. It should be noted that any ‘sho 
winding should be placed next to the core in 
most effective, as its leakage reactance will 
if placed outside the d-ec. coil. 


The three-coil circuit mentioned here is 
Fig. 5. This scheme has the disadvantage o 
no d-c. flux in the middle leg of the core and | 
quently this flux is not so effective in che 
reactance as it might be, but the wave-form 
rent is much improved by this form of core 
core-loss curves were taken with this circuit and 


in the middle leg, and the increased reluctance 
direct current path. This was about three ti 


, 
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the length greater. “ 
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move up as the frequency is increased, 
would if no direct current were present. 
straight curve comes at a higher a-c. flux 
frequency goes up, although its actua 
authors believe, would depend up: 
amounts of hysteresis and eddy-cur 
given core. oT 
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OSCILLOGRAMS 


Several oscillograms of the current and voltage 
in both the series and three-coil circuits were taken when 
the d-c. ampere-turns were of different values. The 
single-coil connection of Fig. 1 will be considered first. 
The addition of direct current caused the voltage wave 
to become quite peaked. This was due in part to the 
effects of the direct current on the supply transformer, 
as it had to circulate through the secondary of this 
transformer as well as through the reactor being tested. 
The volt-ampere load on the transformer was about 
half its rating when the largest value of direct current 
was used. The J R drop across the regulating resistance 
also distorted this wave. The combined effects re- 
sulted in a flat flux wave, which in itself, would tend to 
eause less iron loss. That this was not the entire cause 
of decreased iron losses, however, will be apparent from 
the results of the other circuit. 

The current wave with no direct current is the usual 
magnetizing current of iron with a high percentage 
of the third harmonic and other higher harmonics. 
When direct current is superposed, the lower half of the 


Fra. 
or Fig. 1 WHEN Direct CurrRENT was FLowINa. 
VALUE IS SHOWN BY THE Upprr HorizontaL Linn, 
Was Taken Berore Criosine THE A-C. SwitcH 


6—CURRENT AND VOLTAGE OF THE SERIDS CIRCUIT 
Tur D-C. 
WHICH 


wave is cut off, more or less completely, depending upon 
the direct current value. Fig. 6 shows the voltage and 
current as well as the direct current alone before the 
alternator switch was closed. This peculiar current 
wave is due to the various harmonics which it contains. 
About 30 per cent each of a third and second harmonic, 
together with several higher ones, will account for this 
shape. 

To make sure that there was not also some valve 
action in the storage battery that prevented the current 
wave from reversing at the a-c. frequency, a battery was 
put in series with an alternator giving the same r. m. s. 
voltage as the battery, and an oscillogram taken of the 
eurrent and voltage waves. The current remained 
sinusoidal but was displaced above the zero axis. This 
displaced current changed sign without any indication 
of a valve action, although the lower peaks of the wave 
just barely extended across the zero line. 

Fig. 7 shows the current and applied voltage of the 
three-coil circuit of Fig. 5 when the a-c. flux density was 
about 94 kilolines, and 4000 d-c. ampere-turns were in 
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the outer legs. There is no distortion of the voltage 
wave as when the direct current was in series. There 
is also a decided improvement in the wave form of the 
current, because the iron was saturated by the direct 
current and was operated upon the straight-line portion 
of its magnetization curve. Since there are two pos- 
sible paths through the iron for the a-c. flux in this 
arrangement, the current wave remains symmetrical. 
The third harmonic still remaining is due partly to the 
unsaturated portion of iron in the middle leg, and partly 
to the incomplete d-c. saturation of the outside legs. 


Fie. 7—CurRRENT AND VOLTAGE OF THE THREE CoIL 
Crecurt or Fia. 5 wHen 4000 D-C. Ampepre-Turns Woure In 
THE OutTpr Luas or THE Corre 


Fig. 8 shows the current and voltage in the d-e. 
circuit, and the a-c. voltage applied to the middle leg. 
The circulating current is of just double frequency 
and is practically free from other harmonics. 

These oscillograms are typical of the thirty or more 
that were taken under different conditions, and show 
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tHe D-C. Crrcovit. Tub Urrpr Hortzonrat LINE Is THE 
Direct CURRENT BEFORE THE A-C. Switch Was CLOSED, 
AND THE DousiE-FREQUENCY CuRRENT IS SYMMETRICAL ABOUT 
THIS CURRENT AS AN AXIS 


what wave forms may be expected from a saturated 
core reactor. 


HYSTERESIS LOOPS 


Dynamic hysteresis loops were taken with a two- 
dimensional oscillograph constructed at M.I.T. by 
T. W. Kenyon, and they check the wattmeter readings 
of core loss, at least qualitatively. There is a descrip- 
tion of such an oscillograph by E. L. Bowles in the 
JOURNAL of the A. I. EH. E. for August, 1923. The 
instrument consists of two ordinary vibrators mounted 
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with their axes at right angles and the light beam is 
reflected by both mirrors, one giving it motion in one 
plane and the other deflecting it in a plane at 90 deg. to 
the first. One vibrator carries a shunted portion of the 
magnetizing current, and the other, a current which is 
proportional to the flux in the core. This current is 
obtained by inserting a very large inductance in series 
with an exploring coil on the core, and if the ratio of 


L 


R eae ; 
— jn this circuit is very small, the current is very 


nearly proportional to flux. If this ratio is not small, 
negative loops will appear at the tips of the hysteresis 
loop; but this effect was negligible in the circuit as used, 
for the ratio could be increased to four times its normal 
value without causing any suggestion of negative tips. 

Fig. 9 shows a normal loop taken at about 94 kilo- 
lines, a-c. flux density, and one taken at the same 
a-c. impressed voltage, but with 8 amperes direct cur- 
rent flowing in the same winding. Both loops are taken 
to the same scale, and the area of the distorted loop does 


Fic. Hysteresis Loops 


DISPLACED 
TAKEN WITH BILATHRAL OscILLOGRAPH. THEIR ARDA INCLUDES 
Bots Hysteresis AND Eppy-CURRENT LossES ; 
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not differ greatly from that of the normal one. The 
loop containing d-c. flux shows practically no area in the 
portion representing high flux density, and therefore 
practically no loss on this part of the cycle. The addi- 
tion of direct current causes a shift to the right, of the 
current vibrator, but there is no effect on the flux vi- 
brator by the steady d-c. flux in the core. 

Numerous other loops were taken at various values 
of a-c. and d-c. flux, and an extensive study was made of 
the errors in the bilateral oscillograph. It is felt that 
the loops shown above are free from any but very small 
errors, and that they very nearly represent the iron loss 
(both hysteresis and eddy current) by their area. 

However, as a further check on the accuracy of these 
loops ordinary oscillograms were taken of the exciting 
current and the voltage induced in an exploring coil on 
the core. Fig. 10 shows a trace of this negative. The 
flux wave was plotted by taking the area under the 
voltage wave, and the hysteresis loop was constructed 
from this flux wave and the current wave. The 
constructed loop checks the distorted loop of Fig. 9 
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i) 
very well indeed, if allowance is made for the difference 
in scales. The applied d-e. voltage and direct-current 
values were the same in both cases. 
Fig. 11 shows two loops taken with the three-coil 
circuit. The flux vibrator was connected to an ex- | 
ploring coil of five turns wound outside of the main coil _| 
on the middle leg. The current vibrator carried a part 
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of the exciting current shunted off at (a) in Fig. 5. 
The currents were so high that the errors due to leakage 
and I R drop were very pronounced. The area of the 
loop is actually negative, and is, therefore valueless — 
in indicating losses. It does show the change in per- 
meability, though, by the decrease in its slope when the 
direct current was added. The vertical loop is a normal 
one, and has very littleerror, since the exciting current 
was quite low when no direct current was present. The 


Fie. 11—Normat anv Dispnacep Hysteresis Loops 
or THREE Cort Circuit or Fic. 5, SHowina CHANGE IN Im- 
PEDANCH BY A DECREASE IN SLOPE WHEN DirEcT CURRENT IS 
Apprep. Ara or Distortep Loop 1s Not REPRESENTATIVE OF 
Iron Loss Because or ERRORS 


distorted loop shows the effect of leakage and I R drop 
at high values of d-c. flux by a decrease in vertical 
height. The exploring coil did not link as much of the 
flux when the core was saturated, and the flux was less _ 
by the I R drop, since: the applied voltage was held | 
constant. It should be noted that the average slope of — 
the whole loop from the horizontal axis is a measure of 
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a-c. permeability of the iron, or impedance of the 
' reactor. 


F 


3 
| 7 The design which gives the greatest change in im- 
| pedance for the least number of d-c. ampere-turns is the 
;, other things being equal. Fig. 12 shows the change 
in impedance of the reactor as direct current is added. 
All of these curves are at 60 cycles. In each case the 
impedance, when there is no direct current, is taken as 
100 per cent and the percentage of this impedance 
_ plotted for different d-c. ampere-turns. Curve No. 1 is 

at a low a-c. flux density (42 kilolines) and has the 
‘direct current in series (only the center leg of the re- 
_ actor being used). The initial decrease in impedance 
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is seen to be quite large for small values of direct cur- 
‘rent. No. 2 is the same curve for 70 kilolines, and No. 3 
for 94 kilolines. The direct current is most effective at 


Ties eave Curve No. 1 because the middle leg is not 
fected by the d-c. flux, and the reluctance of the d-c. 
Is higher than for the series connection. No. 5 


CONCLUSIONS - 


The results of this work indicate that the cron losses 
% of a d-c. excited reactor are not excessive. For high 
a-c. saturations, such as would be used in shunt re- 
rs for voltage regulation on a transmission line, 
iron losses proper, may even be decreased. How- 
, no scheme has yet been discovered for eliminating 
ecessary evil of the double frequency circulating 
t, and its copper loss must really be charged up to 
n. This loss, however, may be made as small as 
d by using sufficient copper, since for a given core 
e double frequency current is a function of the direct 
at excitation, and by its circulation, tends to cut 
the voltage that produces it. Its limiting peak 
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value is the value of direct current if it all flows in the 
d-e. circuit. 


In conclusion, the authors wish to express their 
appreciation to Dr. V. Bush, for his inspiration and 
assistance during the course of the work and to Messrs. 
G. Faccioli, A. Boyajian, and O. R. Schurig, for their 
helpful criticisms and suggestions. 
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WORLD POWER CONFERENCE 


At a meeting of the International Executive Com- 
mittee of the World Power Conference held in London, 
July 27-30, an invitation was presented by Dr. E. 
Tissot on behalf of the Swiss National Committee 
to hold the Second World Power Conference at Basle in 
1926. It was‘considered advisable, however, to allow a 
longer period to elapse between plenary sessions. In 
the interval sectional meetings might be held, and it was 
decided that such a meeting should be held in Basle 
next year. The subjects recommended for considera- 
tion include the development of hydroelectric power 
combined with navigation, the financial and legal 
aspects of inter-exchange of electric power between 
countries, the economic relation between water power 
and thermal power, electricity in agriculture, and 
railway electrification. It was decided that, subject 
to reconsideration, the Second World Power Conference 
should be held in 19380.—World Power. 


Live Problems in Connection With Protection o 
Electrical Systems 


By Committee on Protective Devices’ 


N accordance with a practise established over a 
Be of years, the work of the Committee on Pro- 

tective Devices has been delegated to a number of 
subcommittees, the division being made with reference 
to the nature of the subject covered. Complete reports 
from each of these subcommittees are appended. 

It will be observed that one new subcommittee is 
reporting in addition to those reporting last year. Bya 
ruling of the Board of Directors, the subject of auto- 
matic substations was assigned to the Committee on 
Protective Devices. The work of this subcommittee 
has been done in cooperation with other committees, 
covering the apparatus used in automatic substations, 
and while the report deals particularly with protective 
devices, it will be found to cover rather completely the 
situation in automatic substations as found today. 

Tt is felt that the scope of work assigned to the Com- 
mittee on Protective Devices is very well covered by the 
activities of the following subcommittees and the 
Chairman would not suggest any radical change in the 
organization as it now exists. It is heartily recom- 
mended, however, that the work begun by these various 
subcommittees be continued during the coming year and 
that the recommendations made in each case be 
followed. 


Automatic Stations 


FUNDAMENTAL DIFFERENCE REQUIRED IN DESIGN OF 
DEVICES FOR AUTOMATIC APPLICATION FROM THOSE FOR 
MANUAL APPLICATION 


One of the things which differentiate devices used 
in automatic stations from those used in manually- 
operated stations is the question of inspection. The 
designers of devices for manual stations tacitly assume 
that all of the devices will either be continuously under 
the eye of an attendant or will be inspected several 
times each day. This tacit assumption is borne out by 
the fact that the usual manual station is provided with 
instruments and switches.. A human intelligence is 
required to read the instruments and thus operate the 
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switches in accordance with the story told by the in- 
struments. As a result, the designers of devices fo! 
manual stations have paid more attention to the per: 
formance of the devices in response to a specific circuit 


condition than to their continued successful per-— 
formance with inspections at intervals exceeding a week. — 

Another item differentiating the design of devices for — 
automatic stations from those in manual stations is the - 
Devices for | 
automatic stations require in some instances a successful _ | 


relative life to be expected from the two. 


life of several million operations. 


manual stations called upon for similar services are 
probably the automatic generator-voltage regulators” 
and some of the control apparatus used for steel mill 


service. In each of these latter cases, life has been an 


important feature of the design and as much attention — 
has been paid to this as to the operating characteristic 


of the devices. 


It will be seen, therefore, that primarily the attitude : 
of the designers of devices used in manual stations — 


contemplates an attendant who will supply any de- 


ficiencies in the operation of the devices, while the | 
design of devices for automatic stations requires that — 
the devices function correctly or else make the station © 


inoperative. 


MINIMUM SAFE PROTECTION FOR POWER ArpaRaTus | 


IN AUTOMATIC SUBSTATIONS 
From the standpoint of railway applications, thes 


‘ 


—_ 


amount of protection that is afforded automatic 


substation equipment by the use of various devices, | 


relays, etc., is a direct function of the type of installation _ 
with respect to its application, importance and whether, 


full-automatice or partial-automatic. 


This statement may be amplified by considering a — 


typical case. 


It is the installation of automatic equip- 


wet 


ment on large urban properties where the successful and _ 


continued operation of the substations is of prime im- — 


portance. Here it is customary to install all the various 


H 


: 


types of protection that will prevent, as far as possible, © 4 
either an interruption to power service or damage tos, 


equipment. 4 


: 


On the other hand, automatic substations installed on 


4 
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ae. undervoltage; 


or a failure of ventilating apparatus. 
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ime clock is used to start and stop the station. Upon 
the occurrence of trouble these substations are generally 
arranged to cease operation and remain out of service 


- until restarted by an attendant. 


For. standard size 600-volt converters, feeding into a 
metropolitan railway-distribution network, the follow- 


® ing inimum protection is recommended: 


A-c. overload (lock-out); d-c. overload; sustained 
overload; a-c. undervoltage; d-c. reverse current 
overheating of current limiting resistors; failure of field 
cireuit; overspeed (lock-out); overheating of bearings 
(lock-out); failure to complete starting cycle (lock-out); 
flashover (lock-out). 

D-c. Edison-system automatics are called upon for a 
high class of service and the protective features must be 
so chosen and applied that the service must be main- 
tained. There isa tendency at present to so protect the 
station that the machines are tripped off at times when 
the condition of stress may be far below the limit of the 
machine. This has had a tendency to _ prejudice 
prospective purchasers of automatic apparatus by ap- 
parently complicating the switching equipment. 

It has been the practise in some heavy manual sys- 
tems to tie the converters or motor generators solidly to 
the bus without protection on the d-c. end. Within 
reasonable limits it is felt that this could be approached 
in the design of automatics on the same class of system. 

For 250-volt motor-generator sets and converters 
the following minimum protection is recommended: 

A-e. overload (lock-out); d-c. overload; sustained 
overload; overheating of machine; overheating of 
transformer; overheating of current limiting resistors; 
d-e reverse current; overspeed 
(lock-out); failure to complete starting cycle (lock-out) ; 
overheating of bearings (lock-out); flashover (lock- 
out). 

Various devices for the protection of the service may 
be applied; in fact it is felt that this feature cannot be 
overdone. Several equipments have temperature pro- 
tection which reduces the load on the machine upon the 
temperature rising within a few degrees of the point at 
which the set would be taken off of the system. Inthis 
way the system voltage is held somewhat above the 
value which would obtain if the over-temperature device 
disconnected the machine from the system. In most 
eases the machine will cool while operating at partial 


load. As practically all machines are arranged to limit 


their output by means of regulating devices, the over- 
heating is usually caused by inadequate ventilation 
If the ventilation 
is only partly retarded by the failure, the machine would 
probably operate indefinitely at partial load; the 
voltage, of course, being somewhat low but at least 
some power being delivered to the system. The 


liberal use of thermostats, operating alarms over 
- supervisory circuits in the Dispatcher’s Office, will 


protect the service to a large extent. An attendant 


may be dispatched to the station upon indication of even 
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slight over-temperature and may be able to alleviate the 
trouble in time. 


AUTOMATIC A-C. DISTRIBUTION AND TRANSFORMER 
STATIONS 


The protection to the service should consist of re- 
closing features applied to the outgoing circuits. Power 
supply to the station should be assured by proper over- 
load, balanced, or reverse-current protection of the 
parallel transmission lines supplying the station, or by 
automatic transfer devices if not desirable to have 
transmission circuits paralleled. Differential protec- 
tion should be provided for each transformer so that a 
defective unit will clear from the system without in- 
terruption to service. The matter of apparatus protec- 
tion may be reduced to that of transforming and 
regulating devices; their protection should be against 
overheating and groundings. All outgoing circuits 
should, of course, be provided with overload protection 
and in cases of automatically reclosed circuits, lock-out 
features should be provided. 


OIL CIRCUIT BREAKER OPERATING Duty AS APPLIED 
TO AUTOMATIC RECLOSING CIRCUITS 


It is suggested that an attempt be made to get the 
manufacturers of switchgear to furnish ratings with oil 
breakers supplied for this class of service that will enable 
the operating engineer to apply intelligently these 
breakers to his circuits which are to be reclosed after 
tripping on trouble. Referring to distribution circuits 
in the 2200- to 6600-volt class, it seems to be general 
practise to reclose these circuits three times before final 
lock-out. There seems to be a little difference of 
opinion here and there as to just how much time should 
elapse between reclosures, but as a general average we 
might say that the first reclosure is made in from two to 
five seconds after tripping; the second reclosure in 
about 30 seconds from zero, (initial tripping) and the 
third in anywhere from 60 to 180 seconds from zero. 
It is felt that if the manufacturers were to establish a 
tentative standard somewhere near the above values 
and rate the breakers on this basis, that the operating 
companies would either accept the standard or their 
own idea of the values would be close enough to the 
standard to make an intelligent application. Even 
if this tentative standard were based on three or four 
reclosures at five-second intervals it would be a 
decided advantage over what is now available. 


NOMENCLATURE FOR TYPES OF AUTOMATIC RECLOSING 
D-C. FEEDERS 


The following is suggested: 
A. Types of Feeders 

1. Stub Feeder. A Stub Feeder is one which, at the 
time of reclosing, receives energy for the testing circuit 
from one source only. 


2. Multiple Feeder. A Multiple Feeder is one 
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which, at the time of reclosing, receives energy for the 
testing circuit from two or more sources. 

3. Stub-Multiple Feeder. A Stub-Multiple Feeder 
is one which, at the time of reclosing, may receive 
energy for the testing circuit either from one, two or 
more sources. 

B. Methods of Automatic Test Prior to Reclosing 

1. Continuous Testing by Current. Continuous 
testing by current is a method which continuously 
furnishes to the feeder a limited current which operates 
a device or devices adjusted to function at or below some 
predetermined value of current flow into the feeder to 
effect reclosure of the cireuit interrupter. 

2. Intermittent Testing by Current. Intermittent 
testing by current is a method which intermittently 
furnishes to the feeder a limited current, operating a 
device or devices adjusted to function at or below some 
predetermined value of current flow into the feeder to 
effect reclosure of the circuit interrupter. 

3. Testing by Voltage. Testing by voltage is a 
method which employs a voltage-actuated device 
connected between the source of energy and the feeder 
or between two sources of energy to effect reclosure of 
the circuit interrupter at a predetermined voltage 
eondition. 


REMOTE SUPERVISION 


The handling of various switching and receiving 
indications of operations from remote points has 
received much attention. The larger operating com- 
panies are discovering that, even with manual switch- 
ing, something of this nature is necessary to expedite 
operations in times of trouble. As soon as a system 
grows to a size where it becomes necessary to establish 
a central dispatcher to direct switching, it is at once 
manifest that when trouble occurs, the switching 
necessary to bring the system to normal can be earried 
out only as fast as the dispatcher can obtain informa- 
tion. The use of the telephone for this involves the 
chance of human error and retards action as an operator 
cannot manipulate his switchgear while telephoning. 
The use of supervisory systems to provide the dis- 
patcher immediately with an indication of changed 
condition shunts out many minutes of valuable time. 
In automatic stations, indications may be given of 
almost anything required and it becomes only a matter 
of how far it is desirable to go in a given case. In 
Edison system automatics, remote supervision is 
particularly helpful as there are many conditions which 
can occur without warning and if allowed to continue 
may result in partial service interruption. For the 
dispatcher to feel that he has his system well in hand 
he should have at least the following indications from 
each of his Edison system automatics. 

1. Continuous indication of d-c. amperes on each 
unit in the substation. 

2. Positions of all oil circuit breakers. 

3. Alarm upon failure of ventilating system. 
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4. Alarm when -predetermined high tempernoneal f 
value is reached at the air discharge from any unit. 

5. Alarm upon the operation of the lock-out — 
relay on any unit as he may not otherwise know that — 
the machine will not restart upon demand. 

He should also have sufficient supervisory apparatus 
to enable him to shut down and “hold off” any or all 
units so that he may, if desired, restrict the output from _ 
a given station. In addition to the above it may be — 
desirable, although not necessary, to have supervision 
over the closing and opening of the oil breakers on the 
supply feeders and junctions in the supply bus, ete. 

Supervision of a-c. distribution automaties is, of 
course, less elaborate due to the simple nature of the 
equipment in such stations. There are comparatively 
few indications that the dispatcher really has any use 
for and the balance is rather a matter of convenience. 

It-is sometimes desirable for the dispatcher to know 
when the lock-out relay on any of the automatically 
reclosed circuits has operated, although it is not neces- 
sary for him to be able to release the lock-out as it is 
generally necessary to make repairs before the circuit 
is again closed. It is observed in some communities 
that sufficient trouble calls from customers pile up in 
two or three minutes to indicate definitely that the 
whole circuit is dead and therefore, before the dispatcher 
can inform the proper persons in the Trouble Depart- 
ment of his supervisory indication, they have already 
made their deductions. 

It is sometimes desirable to give the dispatcher 
control over the breakers in the incoming supply lines 
but it is better engineering to arrange them to take care 
of themselves. 

In special cases where water-cooled or air-blast 
equipment is used, it is almost necessary to give the 
dispatcher a warning of the failure of the auxiliary 
apparatus involved but in average cases such detail is 
not met with. A-c. distribution stations are usually 
in outlying sections and at a considerable distance 
from the center of operations. In this connection the 
matter of rental of telephone pair mileage becomes quite 
an item of cost. . ; 

In general, a supervisory system is a very desirable 
asset to a system but it should never be forgotten that 
the reliability of the whole scheme can be made no 
better than the wires used in the circuit—experience 
has indicated that it is impossible to maintain 100 — 
per cent service on such small circuits. The station — 
should be arranged, if possible, to take care of all 
conditions automatically without the aid of the remota” 
supervision. 
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Loap-LIMITING SCHEMES IN EVENT OF OVERLOAD ee 
(D-C.) 

Load Limiting by Series Resistance (Fig. 1 ty Cee 
limiting by successive steps of series resistance in the > . 
main circuit is probably the oldest type of load limiting __ 
scheme used in automatic stations. It is applicable to — 
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synchronous converters and all types of generators. 
For this scheme the d-c. machine is connected directly 
to the negative. The positive is connected to the bus 
through a group of series resistors and a line contactor 
or circuit breaker. The usual design uses three steps 
of load limiting resistance with one shunting contactor 
or breaker for each step. The d-c. machine is con- 
nected to the bus with the shunting contactors open. 
Then the shunting contactors are closed successively; 


A-C.or D-C, Control Bus t To Load A-C.or D-C. Control Bus | To Load 


D-C. 
Generator 


Madine 


A-C.or D-C, Control Bus 


A-C.or D-C. Control Bus 
Fie. 1—Loap LimitiIne BY 
Steps or Series RESISTANCE 
IN THE Marin Circuit 


Fig. 2—Loap LimirIne By 
ACCUMULATIVE SERIES, FIELp- 
SuunTING RESISTANCE 


thus gradually making the bus and the machine pres- 
sures equal. 

In ease of overload, one or more steps of resistance 
are inserted into the line. If all the steps of resistance 
are inserted by means of the magnitude of the overload 
and if this overload persists for long enough time to 
overheat the resistors, then a thermal relay opens the 
line contactor and the machine is disconnected from 
the load until the load-limiting resistors cool. After 
they have cooled, the machine is again connected to the 
bus through the resistors which are gradually shunted 
out, if the load permits. 

Suitable interlocking is provided between the con- 
tactors to insure the correct sequence for closing and for 
opening. 

Load Limiting by Accumulative Series Field Shunting 
Resistance (Fig. 2). Load limiting by accumulative 
series, field shunting resistance is used almost exclusively 
in connection with compound wound d-c. generators. 
The scheme is applicable with additional load-limiting 
resistors such as described above. It is permissable 
to eliminate such series resistors, however, if the 

characteristics of the load and the machine are within 
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resistor has only a slight effect in reducing the amount 
of compounding. On overload a contactor is opened 
and this causes: 

1. The generator to become a shunt machine. 

2. The shunting resistance to be inserted in series 
with the machine. 

8. The shunt field to be reduced due to voltage 
drop through the series field-shunting resistance. 

On reduction in load to a predetermined value, a relay 
recloses the overload contactor as in scheme No. 1. 
Also, as in the previous scheme, interlocks are provided 
between the contactors to insure the correct sequence 
of opening and closing. 

Load Limiting by Counter E. M. F. Generator (Fig. 
3). Load limiting by counter e.m.f. generator is 
particularly applicable to shunt-wound generators. 
This scheme employs a small motor-generator set with 
the armature of the generator in series with the shunt 
field of the main generator. The small generator has 
two shunt-field windings. One is a comparatively 
weak boosting winding. The other is a stronger buck- 
ing winding. The boosting winding is used to supply 
a constant and practically separate excitation. The 
bucking winding is used to reduce the shunt field 
current of the main generator when it is inserted in 
the circuit by the opening of the contacts of a relay 
on overload. 


+ D-C.Contro! Bus To Load 


+ D-C.Control Bus 


To Load 


Shunt Field’ ; 
D-C re : gg Oona D-C. 
Generator er Generator 
Series Fieid 


Shunt __ 
Field 


Bucking 
Field ---- 


Boosting 
Field ~~ 


Field 
Regulating 
Generator 


— D-C. Control Bus - D-C.Contro! Bus 


Fic. 4—Loap Limitinec By Dir- 
FERENTIAL SERIES FIELD 


Fic. 3—Loap Limiting BY 
CounTER E. M. F. GENERATOR 


The load is held at the setting of this relay by the 
regulating action of its contacts as long as the external 
circuit conditions require. 

An excessive overload on the machine is prevented by 
control of the machine voltage up to a certain definite 
load beyond which the constant current relay in 
combination with the counter e. m. f. regulator makes 


the machine practically constant current. 
Load Limiting by Differential Series Field (Fig. 4). 


. certain limits. 
During normal operation the series field-shunting 
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Load limiting by differential series field is applicable 
to direct current generators provided with a series field 
connected differentially. During normal operation, a 
contactor short circuits the differential series field. 
On overload, reverse current or short circuit, this con- 
tactor is opened by a suitable relay combination and 
thus inserts the differential series field into the circuit. 

This method of load limiting is usually employed in 
conjunction with voltage and load regulating schemes, 
including a motor-operated shunt-field rheostat. Sta- 
bility of operation on the differential series field charac- 
teristic is obtained through a constant amount of 
excitation from the d-c. control bus. 


Commutating 
Field 


Current Regulator 


Fic. 5—Loap Limitine By CURRENT REGULATOR CONTROLLING 


SHuntT Fie_p RHEOSTAT 


Load Limiting by Motor-Operated Field Rheostat 
(Fig. 5). Load limiting by motor-operated field 
rheostat is probably the simplest of all of the schemes 
employed. It is applicable particularly to d-c. genera- 
tors and is suitable in general only for machines with 
separate field excitation, to insure stability at all 
voltages. 

Essentially the scheme consists of a contact-making 
ammeter or current regulator with a certain floating 
range. This device controls a motor-operated shunt- 
field rheostat which is operated to maintain definite 
voltage up to a certain load and then to reduce the 
voltage in order to back off from the load in case the 
load exceeds a certain given value. 


Load Limiting by Step-Induction Regulator (Fig. 6). 
This scheme is applied to the transformer of a syn- 
chronous converter and affects the performance of the 
converter in the same manner as the well-known scheme 
of introducing an induction regulator between the a-c. 
supply and the rings of the converter, either ahead or 
behind the transformer. The old scheme, for various 
reasons, was limited to about 20 per cent range in 
voltage at the d-c. terminals of the converter, while 
this scheme is limited only by the ability of the con- 
verter to perform in a stable manner at low voltages. 
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This limit is somewhere under 50 per cent of the 
voltage of the converter. ._The scheme consists + 
tially of an extended winding on the primary of 
transformer with taps brought out at intervals. 
means of a series of tap-changing switches cow 
mechanically to an induction regulator, the steps of t 
winding are brought in or out of circuit. The vario 
transitions are made at zero current in the tap-changing — 
switch, the induction regulator acting as a booster to 
equalize the two points which are to be momentarily - 
tied together during transition. The d-c. regulating 
range of the converter resembles a smooth curve. il 
This scheme permits the use of a standard shunt-type — 
converter, which is inherently a very stable machine. 


a 


ol 
AUTOMATIC FIRE EXTINGUISHMENT AND DETECTION | 


Very little of a practical nature has been done along | 
these lines except in power-plant work where the auto- | 
matic liberation of inert gases into generator-cooling air 
has been more or less successfully carried out. There 
seems to be only two forms of extinguishing media — 
which might be applied to automatic stations; inert — 
gas and chemically-formed foam, the bubbles of which _ 
contain an inert gas. The objection to inert gasis the 
necessity for automatically closed dampers that will _ 


Li 
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+ Control Bus 


- Control Bus 


Fie. 6—Loap Lrvitine sy Step InpucTIoN REGULATOR IN © 
TRANSFORMER OF CONVERTER 


be tight enough to retain a sufficient amount of the 
liberated gas in the space affected. This method can 
best be applied to small stations using forced ventilation, 
as the whole station may be drenched with gas by | 
closing the dampers at the intake and discharge open- | 
ings. Stations provided with natural ventilation only 
are usually provided with a large number of openings © 
both for intake and discharge and the problem of | 
damper control would probably be too difficult.. It is — 
felt that this type of station, which is usually large in 
cubical capacity, can best be protected by the . 
method, either in unit sections or by a system of sprin- — 
kler pipes. In this connection some experiments have — 
been made in the application of a foam unit toa com- | 
partment or stall housing an induction regulator. The — 
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foam tank was suspended over the regulator and by 
means of a standard fire fuse, the chemicals were 
_ liberated into the tank where their mixing produces the 
_ foam. A section of the tank bottom was arranged to 
w the foam as it was produced to drop down upon 
; body of the regulator. The effect produced was to 
 cover,the regulator with foam. In order to completely 
‘a blanket the regulator it was necessary to close the open 
side of the stall with a screen which even of large mesh 
(34 in.) will cause the foam to be retained in the com- 
_ partment. While this scheme indicated at least one 
_ good way of preventing a spread of fire from a regulator 
failure, it was felt that it could not always be applied in 
_ just this way. Fires generally originate in windings 
and except in cases of rotating equipment the devices 
___fossessing these windings may be installed in compart- 
ments or perhaps a group of such devices in an isolated 
_ chamber. This compartment or chamber may be 
_ protected by a foam unit or if the ventilating arrange- 
ment is just right by a gas unit. It was realized that 
wherever foam was used some method of heating the 
_ chemical tanks would be necessary to prevent freezing. 
_ A scheme was worked out for the protection of a com- 
partment by gas where the nature of the device in the 
_ compartment was such as to necessitate one side of the 
stall being open for ventilation (this typical case being 
_ applied to an induction regulator). The use of the 
standard-roller, steel fire-curtain door was not thought 
_ advisable on account of its high cost and the fact that 
_ it was metal. A door of asbestos lumber, hinged at the 
_ top corners, was worked out. The door itself was 
hinged in the middle so that it could be hooked up to 
- the ceiling in front of the compartment, jack-knife 
fashion. The operation of the fire fuse over the regu- 
lator released the gas supply and the door trigger at the 
same time, thus permitting the affected compartment 
to be flooded. It is necessary of course that an excess 
of gas be liberated in the stall as this type of door will 
have considerable leakage around it. It is felt that 
the use of the above door, even without liberating an 
extinguishing agent, would be a step in the right direc- 
tion and incidentally cheap enough to justify its use. 
The matter of automatic fire detection has been given 
much thought. It is not very desirable to attempt to 
detect fire by temperature for more than one reason. 
First, the ordinary fire fuse used for building sprinkler 
__ systems has been known to liberate water when no fire 
has occurred at all. This sort of performance is, of 
course, unthinkable in automatic substations. Secondly, 
a fire such as we may experience first manifests itself 
ig in an odor followed by smoke and last by violent tem- 
_ perature rise. The most desirable thing to use to give 
the alarm would, of course, be the presence of a strong 
odor but as no automatic “smelling” devices have been 
produced, it is obviously impossible to consider this. 
moke, however, can be detected automatically and 
"present there is actually available a system, which 
> means of small suction pipes from various vital 
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parts of a building, continually ‘‘samples’’ the air from 
these parts. This system is in use on shipboard and 
the indicating cabinet is located where some delegated 
officer can continually observe it. The smoke is made 
clearly visible by means of a properly directed light 
beam. It remains only to cause these light beams to act 
constantly on suitable devices to obtain automatic 
detection. This system in its present state of develop- 
ment is very elaborate and it is doubted if it can be 
justified in automatic stations at least for the present, 
but the manufacturers have indicated a desire to 
develop it further in the hope that it may be the 
answer to a good many of their problems. 


Reactors 


Since the most important feature of a current- 
limiting reactor is its reliability, the subcommittee has 
continued the collection of data on failures. The few 
reactors that have been called. to its attention are 
mostly of the older design and the small number indi- 
cates that even in these, the weak points have been 
practically eliminated. Such failures which have 
occurred serve to keep before the manufacturers of 
reactors and engineers of power stations, the need for the 
greatest care in their manufacture and installation to 
the end that failures will be reduced to a minimum. 

It is generally agreed that for medium and large size 
systems, reactors are a necessity not only because they 
reduce short-circuit currents and thereby lessen the 
duty on oil-cireuit breakers and the electro-magnetic 
stresses on all equipment, but also maintain voltage 
on the rest of the system in the event of heavy short 
circuits in any one section of it. Were reactors 
omitted it is probable that an equal or greater cost 
would be involved in providing and installing oil 
circuit breakers of sufficient rupturing capacity to 
successfully open the very heavy short circuits that 


“eould flow, if indeed such oil circuit breakers could be 


built at the present time, and the system would still 
be without the stabilizing effect which reactors give. 

Reactors being a protective device may be con- 
sidered a form of insurance for which large premiums are 
paid in the form of losses and even more costly capital 
expenditures. Indicative of the extent of these capital 
expenditures is the fact that in one 200,000 kv-a. plant, 
the reactor installation (including compartments, 
building space, ete.), represents 15 per cent of the cost 
of the switchhouse. Another company, in order to add 
feeder reactors to one of its older plants, has had to 
erect a separate building for this purpose. 

Thermal capacity continues to receive attention and 
the subject is being further investigated. There has 
been a distinct tendency towards increased copper 
cross-section. One operating company has increased 
the conductor size of its 3 per cent feeder reactors 
more than 100 per cent over that used about ten years 
ago, this increase being due to a desire for greater 
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factor of safety, rather than the slightly greater duty 
imposed by the system’s growth. The increased cost 
is but a small part of the total. 

The smaller cross section of these older coils should 
receive the careful attention of all operating men. 
The increased use of réactors on outgoing feeders from 
substations offers a means of using these older coils 
advantageously, the newer coils being installed in ‘the 
generating stations, where the short-circuit currents 
as well as the importance is usually less. 

One or two operating companies have found it 
advantageous to order reactors with taps, so as to 
properly load parallel feeders of dissimilar character- 
istics (due to size or length, or both). 

Recently attention has been focused on shielding the 
reactor leads so as to prevent damage from foreign 
magnetic material, such as bolts, nails, etc., from being 
accidentally dropped into the coils or drawn into them 
at times of short circuit. One American manufacturer 
has enclosed the coils in porcelain and in England a 
similar protection has been used. Another American 
manufacturer has designed coils with asbestos insulation 
around the copper conductors to avoid having the bare 
parts exposed to this danger. The committee expects 
to keep in close touch with this development. 

The extension of the use of reactors is of interest. 
At first used in generating stations where their need 
is, of course, greatest, they are now being installed 
in substations on lines operating at generator voltages 
and also on the 2300- and 4000-volt distribution circuits, 
This latter application not only reduces the duty on the 
oil circuit breakers (a desirable step, especially where 
automatic circuit reclosing is employed), but also on the 
induction regulators, which on many systems would 
otherwise be subject to short circuits greater than those 
they are able to withstand. 

At the last Annual Convention of the Institute, 
papers by Boyajian and Blake were presented on a new 
form of current-limiting reactor—the saturated core 
type. The coils are wound on an iron core and the 
superimposition of a constant unidirectional flux 
(from coil-carrying direct current) gives a coil with 
low reactance on normal loads but high reactance at 
times of short circuit. The cost of such a coil will 
probably limit its use to special applications. 

A paper on ‘“‘Hight Years Experience with Protective 
Reactors” was presented before the Spring Convention 
(St. Louis) of the Institute by Lyman, Perry and 
Rossman. 

In addition to points touched upon above, the Com- 
mittee recommends that the succeeding Committee 
give consideration to two points which have recently 
been suggested, namely: 

The question of the use of current-limiting reactors 
with static condensers, to— 

1. Aid in smoothing out surges. 

2. Limit the fuse current. 


3. Increase the capacity of the condenser. 
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The question as to whether the use of reactors” 
actually increases the duty on oil circuit breakers. 


Grounding of Systems 


The principal activities of the subcommittee this 
year consisted in summarizing the information on 
grounding methods received in reply to an inquiry sent | 
out in conjunction with the corresponding subcom- 
mittee of the National Electric Light Association, to 
thirty representative companies in the United States. 

This subcommittee confined its study to the technical 
information gathered in this survey, paying particular _ 
attention to grounding methods used in a-c. substations _ 
of systems transmitting at higher than generator — 
voltage. The prevailing practise of this class of systems 
is to dead ground the neutral, consequently in case of 
line’ to ground faults, large values of ground currents 
must be taken care of, which calls for a careful study of 
grounding methods. 

The great increase in size of a-c. substations in 
recent years has forced attention to proper methods 
of grounding, because in large capacity substations 
ground fault currents attain such magnitude, that even 
when flowing through ground connections of only a 
fraction of an ohm will produce dangerous voltage 
gradients. In general, it may be stated that the prob- 
lem of grounding is not so much that of obtaining 
individual grounds of low impedance, but rather one of 
obtaining a well distributed ground so as to approach 
an ideal equipotential area and thereby avoid dangerous 
potential gradients near ground electrodes when 
ground-fault currents flow. Another important re- 
quirement for a successful ground is the ability to 
dissipate, at times, large amounts of energy without a 
material change in the ground. 

Grounding to Water Piping System. Water piping 
systems afford the best grounding systems obtainable 
and should be used wherever the necessary permission 
can be obtained. In fact, water systems have such © 
comparatively low ground resistance that, where _ 
they are in proximity to other artificial grounds, a 
difference of potential will exist under fault conditions 
which will constitute a hazard to life unless the two are 
connected together. Unfortunately, water systems 
are available only in built up districts and generally 
can only be taken advantage of by indoor and moderate 
voltage substations. 

Artificial Grounds. At high-tension substations in — 
outlying districts, it is generally necessary to resort to — 
artificial grounds such as plate or pipe grounds. Itis — 
interesting to note that the tendency is away from the — 
use of plate grounds and toward the greater use of 
pipe grounds. vehtthe te 

Although a single pipe ground has a higher resistance ~ 
than a single plate ground, a pipe ground.of low resist- _ 
ance can be obtained by multiple grounding, that is, j 
by connecting numerous pipes in parallel. In this way — 


* 


a ground of a given resistance can be obtained more 
economically with pipes than with plates. In addition, 
multiple pipe ground will have the advantage of 
iding a well distributed ground which, as pointed 
above, is a very important requirement. It may, 
refore, be stated that the advantage of pipe grounds 
‘over plate grounds are that they: 

__ a. \\Are more economical. 

_b. Are more easily installed. 

_ ¢. Allow for convenient inspection and test. 
Provide a distributed ground over considerable 
-area when used in multiple. 

_ The characteristics of ground pipes have been 
definitely determined in extensive tests conducted by 
the Bureau of Standards and others. Quantitative 
values on the properties of ground pipes may be sum- 
“marized as follows: 

a. The decrease in resistance with increased size of 
‘pipe is quite appreciable up to a pipe one inch in 
_ size, beyond which the curve becomes quite flat. From 
standpoint of resistance there is, therefore, no 
_ economy in using pipe sizes larger than one inch. 

_»b. Very little decrease in resistance is obtained by 
driving pipes to a greater depth than six feet. Pipes 
d, of course, be driven to a greater depth when 
permanent moisture level is at a greater depth than 


Ninety per cent of the resistance of a pipe ground 
within a radius of six to ten feet around the pipe. 
es should, therefore, be spaced approximately six 
apart to keep one out of the dense current field of 
ne other. 
The effect of moisture and temperature on the 
vity of soils is surprisingly great below certain 
s. Above a moisture content of 20 per cent there 
very little variation in coil resistivity with variation 
moisture content. Below a moisture content of 
ee cent, the resistivity rises very abruptly. With 
e content of only 10 per cent, the resistivity 
clay soil is 30 times as great as with a moisture 
nt of 20 per cent. 
= effect of temperature on resistivity of soil is not 
lable above 32 deg. fahr. Below the freezing 
however, the resistance increases very rapidly, 
ng 50 times as great at a temperature of 5 deg. than 
at 32 deg. 
In arid regions and in localities with sandy and rocky 
mations it is generally very difficult to obtain a good 
d. In the West where such difficulties are fre- 
atly encountered, satisfactory grounds have been 
ned by grounding to the steel casings of deep wells. 
1 benefit can also be obtained by treating the soil 
ounding electrodes with chemicals such as ordinary 
because, of the total resistance of a ground con- 
ion the most important part is contributed by the 
oil, the resistance of the electrode and contact re- 
fance between electrode and soil under ordinary 


ondit itions being negligible. The electrical conductance 
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of any soil is by means of the electrolytes formed by 
moisture combining with the soluble acids, alkalies, and 


_ Salts, and where they are lacking, their artificial intro- 


duction will show excellent results. Such artificially 
treated soils require close attention and inspection as 
chemicals must be removed from time to time. 

Potential Gradients. Because of the importance 3 
tached to the subject of potential gradients near ground 
electrodes, several tests were made to determine their 
values under normal operating conditions. These 
tests, which are reported in Appendixes A and B show 
that at least 50 per cent of the total voltage drop of a 
ground will fall within two feet of the ground electrode. 

As reported in Appendix A, the potential gradient 
near the transmission tower when a line conductor be- 
comes grounded to the tower is great enough to con- 
stitute a hazard to life. In this case the towers were 
near a highway and it was recommended that overhead 
ground wires be installed and carried back to the 
station ground, so as to improve grounding conditions 
on the line and eliminate potential gradient hazards. 

In the test reported in Appendix B, heavy currents 
were used which, by heating and drying out the ground 
caused 80 per cent of the total voltage drop to fall within 
one foot of the ground electrode. This test emphasizes 
the importance of making ground connection capable of 
dissipating large amounts of energy without changing 
the character of the ground. 

Value of Overhead Ground Wire. As pointed out in 
Appendix A, the overhead ground wire assists materially 
in reducing line and system ground resistances by con- 
necting all tower and substation grounds in parallel. 
Several companies report improvement in relay action 
on grounded systems by connecting station grounds to 
the overhead ground wire on transmission lines. One 
company which formerly terminated overhead ground 
wire one or more spans away from substation reports 
that serious- potential gradients were produced by 
returning ground currents when lines became grounded 
to towers, which hazard was eliminated by connecting 
the overhead ground wire to the substation grounds. 
It is evident, therefore, that in order to obtain the full 
benefit of overhead ground wires, they should be 
connected to the station grounds. 

Petersen Earth Coil. Eleven months additional 
operating experience with the Alabama Power Com- 
pany’s Petersen Earth Coil is reported in a paper by 
J. M. Oliver and W. W. Eberhardt. The additional 
experience indicates that the high-voltage disturbances 
which were experienced when the coil was first placed 
in service have been entirely eliminated by making 
provisions to do all line switching, both hand and auto- 
matic, with the coil out of service—that is, with the 
system neutral solidly grounded. 

From the experience to date, the application of 
Petersen Coils appear to be limited to comparatively 
low voltage lines (66,000 volts and less) of moderate 
length with a single source of power supply. On an 


1234 


interconnected network, where several sources of supply 
are maintained to all principle load centers, good service 
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can be maintained without the use of flashover sup- . 


pressing devices. In other words, the expense and 
complications of a Peterson Coil installation are justi- 
fied only on radial feeder systems where it is desired 
to improve service to an important load center which is 
connected to the power source by only a single line. 
The Petersen Coil in such an application has the 
advantage over grounded neutral operation by reducing 
liné outages due to flashovers, and over isolated neutral 
operation by eliminating arcing grounds. 

Grounding at Generating Stations for Proper Func- 
tioning of Relays. In isolated phase installations, al- 
though the possibility of phase to phase short circuits 
are eliminated in case of two simultaneous faults to 
ground, the hazard of a fault to ground still remains. 

Investigations have been made to determine the 
possibility, not of preventing ground fault currents, but 
of directing them into channels where they may be 
taken care of by connecting all metal parts, which are 
not normally at line potential but which are separated 
from parts at line potential by insulation, to a copper 
grounding system. The grounding busses of the three 
phases are joined together and taken through a current 
transformer to the station ground,the current transformer 
operating a relay when fault current flows to ground. 

The application of this fault current relay scheme 
depends largely upon the arrangement of the grounding 
busses in which connection tests have been made to 
determine the proper arrangement and connection of 
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Fria. 7—Porentiat Grapient Test No. 1 


Each number indicates the potential drop from the tower to that point 
im per cent of the total drop from tower to station ground 

Ground resistance at tower = 0.467 ohms 

Ground resistance at station = 0.147 ohms 


the ground bus to various pieces of equipment. It is 
expected that further details upon this grounding 
scheme will be available at a later date and is one of the 
subjects which should be followed up by the grounding 
subcommittee next year. 


Appendix A ei 


TESTS TO DETERMINE POTENTIAL GRADIENTS IN THE 
VICINITY OF TRANSMISSION LINE TOWERS — 


Object. To determine if the voltage drop along 1 
surface of the ground in the vicinity of a 120,000-voli 
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Fie. 8—PormntiraL Grapinnt Trust No. 2 


Each number indicates the potential drop from the tower to that point — | 
in per cent of the total drop from tower to station ground ‘ 

Ground resistance at tower = 3.40 ohms 

Ground resistance at station = 0.147 ohms 


the instant when one line wire became grounded on the 
tower in question. , 


Method. One conductor of the line was grounded at | 
the station, through a battery and the other end of the | 
same conductor was grounded to the tower. A slide- 
wire rheostat was connected as a potentiometer, from | 
the tower to the station ground, and the slide of the af 
rheostat was at the same time connected through a | 
millivoltmeter to a screw driver, as shown in diagrams | 
1, 2 and 3. | 

The screw driver was shoved into the ground at vari- 
ious points in the vicinity of the tower and the slide 
wire moved until the millivoltmeter read zero. A 
scale was placed on the rheostat dividing it into 100 | 


driver to station ground as a per cent of total drop from : 
the tower to the station ground. a 


Result of Tests: ‘ 
Test Number... i. +s 0- oe ne 


3. ‘ 
Tower Resistance to ’ 
Groundieanercre. 0.467 Ohms 3.4 Ohms 2.6 Ohms 
Potential Gredients.... See Dia. 1. See Dia. 2. See Dia. 3. 
Possible ground current { 
in case a conductor be- ee 
comes dead grounded ‘ | 1 
GO SLOMEN cant avehtaiee 5700 amperes 5700 amperes 2375 amperes 
Computed voltage to ‘ Ve be 
SUOMI eben ee 2650 volts 19,350 volts 6,175 volts — 
Voltage which person Cait Has a3 
leaning against tower ‘ i Si Leer eee 
could be subjected to. 1,590 volts 12,600 volts 4450 
6175 volts 
Voltage which person i or RAS 3 


standing near tower A er . 
would be subjected to ’ 


from foot to foot..200 to 300 volts 3000 volts” 


lusion. These tests show that the potential 
Wives i is dangerously high at the instant a con- 
r becomes grounded to the tower. 

in this particular case the towers were near a high- 
yy and the hazard was considered so great as to 
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Fie. 9—PorentiaL GRADIENT Test No. 3 


h number indicates the potential drop from the tower to that point 
of the total drop from tower to station ground 

esistance at tower = 2.6 ohms 

resistance at station = 0.147 ohms 


rant the connection of the towers to the station 
und with an overhead ground wire. 

Appendix B 

_ GROUND POTENTIAL GRADIENT TEST 


e object of this test was to determine the potential 
at in the ground surface surrounding a driven 
| pipe when a heavy current flow takes place to 


(A) 
_|al 
eames I 
Auto Auto 
aca + OCB 
2,300// 22,000 
Volt Transformer 
ew 
22,000/ 110 
Potenti: 
Transformer 
Tron 1-ftLong 
Spaced 1-ft. Apart 
Test Ground Auxiliary Ground 
%-Pipe 6-ft. Long 2-3¢ Pipes 6-ft. Long 


ey Fic. 10—Grownp PorentTiaL GRADIENT TEST 
Hy 


nis test was Tate with the following equipment 


50-kv-a., 2300-volt, three-phase, 60-cycle tur- 
nerator. § 
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1—6300-kv-a., 22000/2300-volt transformer bank 
consisting of 3-2100 kv-a. single-phase units. 

1—22000/110-volt potential transformer. 

Switching equipment, instruments, insulator plat- 
form, ete. 

Connections for the test were made as follows: 

The test ground pipe was in a sandy soil which was 
the best location that could be found. Its measured 
resistance was 280 ohms. 

The auxiliary ground, which was 300 feet distant, 
was in better soil and had a resistance of 53 ohms. By 
having an auxiliary ground of lower resistance than the 
test ground, assurance was made that no failure would 
occur in the circuit outside of the test ground. 

The ground current was gradually increased from 
zero to a value which caused the test ground to steam. 
At this point the ground current was 30 amperes with 
an impressed voltage of 10,000 volts across the ground 
terminals. This value of current was considered the 
maximum which could be maintained for any great 
length of time. 

With the current held constant at 30 amperes, 
readings were taken of the voltage drop along the 
ground surface at one foot intervals in the direction 
of the current flow between the two grounds. The 
voltage readings were taken with a 22000/110 volt 
potential transformer and a 0-150 volt voltmeter; one 
primary terminal of the potential transformer being 
connected directly to the test ground and the other 
terminal was successively touched to one foot iron 
stakes at various distances away from the test ground. 
This manipulation was done by an operator standing 
on an insulated platform and shifting the connections 
with a switch pole. 

Following is a tabulation of the voltage readmgs 
taken: 


Distance from Voltage Per cent of 'Total Voltage 
Test Ground Drop Drop at Test Ground 

1 ft. 6900 bie 82.0% 

> 7000 83.4% 

Ses 7200.5 85.7% 

(on 7200 = 88.0% 

ay 7600 90.5% 

oF 7800 « i‘ 92.8% 


These readings indicate that 82 per cent of the drop 
occurred within one foot and 92.8 per cent of the drop 
occurred within six feet of the test ground. 

Another set of readings taken three minutes later 
averaged 700 to 800 volts higher than those shown 
above, indicating that the ground was baking out, 
which, was expected, since the ground was steaming in 
the vicinity of the ground pipe. 

Tests made by the Bureau of Standards and reported 
in Technological Paper No. 108 showed that approxi- 
mately 90 per cent of the total drop at a ground pipe 
occurs within a six-foot radius of the pipe. The Bureau 
of Standards tests, however, showed a much smaller 
drop within a one-foot radius of the ground pipe. The 
only explanation for this difference in results is that the 


resistivity of the soil around the pipe increased ap- 
preciably due to the baking out effect in this test. 
This emphasizes the importance of making grounds 
of sufficient current-carrying capacity to meet system 
requirements. 


Lightning Arresters 


The work of the Lightning Arrester Subcommittee 
this year has consisted almost entirely in an effort to 
list and evaluate the various electrical and mechanical 
features of lightning arresters. 

In order to get an expression of opinion, the form 
given herewith was submitted as a suggestion in at- 
tempting the classification. Members of the sub- 
committee were requested to give their opinions as to 
the relative values of the listed features, proportioning 
each with respect to its importance in their own 
experience. 


Electrical Weighted Values 
1. . Spark-over. Volt@seiz cn co.) core erage ten ania ehetene neta 
2.. ‘Dielectric Spark=hagians sie vals cstivacoateie sia nee renee cree 
3. Impedarce—Normal Frequericy..........s0+eeecrres 
4, ‘ — 200,000 ‘Cycles /.¢ ve oc serene ettieaeree 
5. —=1,060:000:Oyeles: “Six... Sa cle aie 
6. Discharge Capacity (amperes by time)............... 
7. Current Passed at Normal Voltage, Normal Frequency, 
with Gap’ Short Circultedic.. oe > nae eee eet 
8. Time Required to Interrupt Dynamic Current........ 
Mechanical 
9. Condition After Heavy Discharge... ........ 0000-0. 
10. Number of Heavy Discharges Arrester will take care of 
Without Repatts oo criss a aici eee 

11. Attention Required in Service: 

(ap). 9 INOMO@ Ss bc. chs Bags al eck ec 

(b) Not More Than Once Per Season............ 

(c) After Every Heavy Discharge................ 

(a) ‘Once:a Day or‘ Oftener..-. veces cp <n eee 
12.. Cost.. 


OPAL i355 cca docs sae ee 100 per cent 


This was sent out to members and was taken up for 
discussion at the mid-winter meeting of the main 
committee. There was apparently quite a diversity 
of opinion among engineers as to the value and ac- 
curacy of such a classification. This diversity of 
opinion seemed to be, in a large measure, due to varying 
ideas as to the definition of the duty of a lightning 
arrester and of the various quantities involved. 

The subcommittee was therefore, instructed to make 
an effort to state definitely the duties of a lightning 
arrester and to define clearly the quantities which 
make up the suggested classification. Following this, 
the subcommittee is to proceed with the classification 
along the lines suggested. 

It is, therefore, possible to report progress only. 

The measurement of some of the quantities necessary 
in making up the classification presents something of a 
problem. Particularly this is true of the measurement 
of dielectric spark-lag and the rate of discharge of 
lightning arresters. It is found that when discussing 
these quantities, there is a very great difference in the 
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methods used by different experimenters. The dif- 
ferent methods in use result in widely different read- 
ings of the quantities being sought. It seems that it 
is necessary to define very precisely, the size of the 
condenser to be used in measuring the discharge of an 
arrester; all the characteristics of the circuit to be used 
in measuring the voltage, and many other similar — 
quantities. a 
It will undoubtedly be necessary to arrive at some 
standardization of these measurements before it will 
be possible to standardize or classify lightning arresters. 
In order to arrive at a definite method of determining | 
these quantities, the Research Committee has been — 
made acquainted with the problem, and it is hoped that | 
through this cooperation some standard and practicable | 
method of measurement may be obtained. 
It is recommended that the succeeding subcommittee — 
coritinue the work along similar lines. 


Relays 


Many difficulties have been encountered in the com- 
pletion of the Relay Handbook. It is now in the 
hands of the printers and should be available for | 
distribution in June. 

This subcommittee is cooperating with the corre- — 
sponding subcommittee of the Apparatus Committee, | 
N. E. L. A., and plans within the next year to prepare — 
the first supplement to the Relay Handbook. This | 
supplement will be patterned after the Relay Handbook | 
both as to form and size. 


Although no new relay developments have been | 
reported to date, several interesting installations have | 
been received. One operating company has made an _ 
installation of protective equipment in a generating — 
station, which is rather interesting in a number of © 
respects, particularly in the matter of its completeness. — 
A complete description of this installation appeared in — 
the Electric Journal for April, 1924. 


This same company has also made use of a variation | 
of the split conductor scheme for the protection of a | 
large frequency changer used for interconnecting | 
25 and 60-cycle systems. A description of this was | 
given in a paper entitled ‘‘Use of Frequency Changers | 
for Interconnection of Power Systems,” by H. R. — 
Woodrow, at the Spring Convention in St. Louis, | 
April, 1925. by 

The problem of protecting generating station aux- — 
iliaries was investigated to some extent by this sub- | 
committee, but the findings are not sufficiently definite | 
to report more than progress. It is recommended that — 
the succeeding subcommittee give this matter particular | 
attention, and that the use of the so-called “Voltage | 
Chaser” or automatic throwover switch be investigated. 
This latter gives some’ promise of considerable useful-— 
ness in assuring a continuous power supply to genera-_ 
tion station auxiliaries, and it is felt that the subcom- 


= can do valuable service in coordinating experi- 
e and practise. 


Oil-Circuit Breakers 


Progress in Standardization. Interrupting rating 
( f oil-circuit breakers was defined by the Protective 
as Committee last year. This definition has now 


tandards Committee for final adoption. 
_ The proposed uniform procedure for testing oil- 
uit breakers as prepared by this Committee last 
has now been approved by the N. E. L. A. and is, 
efore, in line to be used for future tests made by 
ating companies. Standardizing the methods of 
ng system tests should make possible comparisons 
een tests on an equivalent basis so that maximum 
iowledge may be obtained from them. 
‘The new edition of the A. I. E. E. Standards now 
¢ compiled will cover oil-circuit breakers much 
re thoroughly than they are covered by the current 
tion. The most important new provisions are: 
Conditions and Methods of Making Temperature 
Tests of Dielectric Strength and Conditions and 
lethods of Making Same. 
Protection from Voltage Surges. 
ttention is called to the following definitions 
tly adopted by two prominent European technical 
aties covering certain essentials in connection with 
uit breaker performance: 


rking Voltage is the maximum potential occuring under 
‘operating conditions at the point where the switch is in- 
| in single and three-phase installations measured be- 
the outer conductors. (Not including over-voltages). 
rking Current is the effective value of the maximum ecur- 
which flows through the switch continuously under any 
‘ating conditions (not including short circuit or over-current 
( short Biration. ) 

: rupting current is the effective value of the a-c. com- 

t which flows through the switch at the moment the con- 
are opened during interruption. 
Interrupting Voltage is the effective value of the potential 
, at the interruption, oceurs on the line that remains 
voltage immediately upon the dying out of the are of the 
rruption in all phases. 


e present standard general definition of interrupt- 
rating, paragraph 7090, A. I. E. E. Standards 1922, 
s the rating of current and voltage which the 
e will interrupt under “Prescribed Conditions.” 

ttempt has been made to date to define prescribed 
ons and much further study and experience will 
1ecessary before anything could be done along this 
It appears, however, that sufficient knowledge 
experience is available at least to begin studies to 
ne the “Prescribed Conditions.’ In particular, 
at difference in normal recovery voltage across 
it breaker contacts on systems with dead grounded 
rals, as compared with those whose neutral is free 
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or grounded through resistance, makes it very desirable 
that the “Prescribed Conditions”’ be determined to the 
extent of covering this situation. Material economic 
advantage to many operating companies should result 
therefrom. 

Standardization of interrupting ratings is in active 
progress at the present time by definite committees, 
which are now cooperating, to establish standard 
ratings, so as to reduce the number of circuit breaker 
designs which must be developed and the number of 
types of breakers required. 

Recommendations. The following recommendations 
are offered: 

a. Definite steps should be taken for a beginning, 
at least, toward formulating the ‘Prescribed Con- 
ditions” under which an oil circuit breaker is rated. 
First consideration should be given to the effect of 
conditions of operation of system neutral on interrupt- 
ing rating of breaker. 

b. Pending the working out of the above problem 
“Normal Voltage,’ in the present definition of inter- 
pupting duty should be defined so as to permit of no 
misunderstanding as to its relation to recovery voltage 
in any given case. Presumably for the present, at 
least, the breaker should be rated so that the recovery 
voltage is equal to normal voltage. 

c. Definitions equivalent to those for Working 
Voltage, Working Current, Interrupting Voltage and 
Interrupting Current given above should be adopted 
by the A. I. E. E. 


ELECTRICAL INTERFERENCE WITH 
RADIO RECEPTION 


In some localities radio reception is seriously dis- 
turbed by interference arising from electrical apparatus 
in the vicinity. Part of the disturbance from electrical 
devices is practically inevitable, and, like atmospheric 
disturbances, must be regarded as one of the inherent 
limitations of radio reception. Some electrical devices 
when in perfect working order cause disturbances of this 
kind, while others cause interference because of their 
faulty operation. The only general remedy for elec- 
trical interference is cooperative effort on the part of 
users of radio, users and owners of the electrical sources 
of disturbance, and distributers of electrical power, to 
reduce or eliminate the causes of the trouble. In 
many cases it is possible to provide filters, shelds, 
chokes, ete., either at the source of disturbance or 
at the receiving set, which do much to relieve the 
difficulties. 

A brief outline of the sources of such interference 
and the methods usually used in mitigation is given in 
Letter Circular No. 182, copies of which may be ob- 
tained upon application to the Bureau: of Standards, 
Washington, D. C. 


Changing Transformer Ratio Without — 7 
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ce has a great variety of applications. It 
y meets the regulation requirements of any 
former bank, and the general scheme is 
to circuits of any voltage with a wide range 
regulation, although 20 per cent is perhaps the 
which it will be called upon to deliver. In 
sleet trolytic field, however, this equipment has been 
sidered for operation over a voltage range of 300 
per cent. The total range may be divided into any 
jesired number of steps. No two propositions are 
nd but one principle is applied as a solution, 
s receiving only special treatment. 

pines of dha of this solution is 


former banks rated as high as 90,000 kv-a. 


1 5 60,000 volts 
Current carrying capacity up to. 1200 ampere 
\ oltage range through. . 300 per cent 
Units requiring.................. 40 steps 


Both single- and three-phase, and any standard con- 
nection, can be used therewith. The majority of in- 
stallations furnished to date are operating on circuits of 
approximately 13,000 volts and providing from 10 to 
20 tap steps, each of approximately 2 per cent of line 
voltage. The changing of transformer ratio by this 
device is specially advantageous in units of large sizes 


due to the relation between cost of transformer versus 
mechanism. 


1. Of the General Electric Co. Pittsfield, Mass. 


Presented at the Regional Meeting of Dist. No. 1, Swamp- 
scott, Maszs., May 7-9, 1925. 
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of transformers by the addition of a regulating auto transfe 
The range of application has also been extended to incl 
field of electrolytic reduction and little doubt is held that t 
flexible scheme of voltage regulation will fill a long felt need by 
generating and distributing systems. 
Several installations are already in successful operation 
considerable number are now in the process of construction 
operation. ‘ 


None of the units in operation required any rad 
change in design. All parts are standard and th 
oughly tried equipment, so combined in a new scheme 
to obtain the results desired. A timing mechanism is 
the only unrecognized part of each unit. This develop- 
ment consists of operating a few shafts and gears in 4 
predetermined sequence. Therefore, interested 
of this device should have no hesitancy in the inclusi 

of it in their systems, believing that it contains un 
or unusual devices. 

Heretofore, discussion of this subject has” 
under the caption “Tap Changing Under Load. 7 NG 
doubt this term covers the subject somewhat, yet it 
does so neither fully nor definitely, as the load is not 
interrupted nor are the tap bridging contacts carrying 
any current whatsoever while being shifted dita fe) 
tap to another. ne: 

In general, this scheme of voltage resume uses 2 
three-phase transformer, or three single-phase v its 


the other half is being changed. This scheme 
employs a circuit breaker in each half, and in ad 
to that, properly timed mechanical gears, 
operate each device in the desired sequence. _ 
All transformers with two multiple cireuits intend 


other one opens. 
The operating mechanism as now being r 
is used intact with minor additions, depending uy 
operating requirements as to 
1. Number of tap steps required 
2. Type of circuit breakers desired “ 
3. Source of driving power 
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OPERATION 


The eycle of operation is as follows: 

One side of the parallel circuit is opened by means 
of the circuit-breaking device A, Fig. 1, the position of 
the corresponding ratio adjusters being changed and 
the winding again connected in circuit. During this 
portion of switching, circulating current flows between 
the two multiple circuits approximately one second, 
due to the difference in ratio of the two windings. 

The other side of the multiple circuit is opened by 
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Fia. 1—Wirine Diacram,—Mottirie-Circuit Pownr 
TRANSFORMER 


_ means of the circuit-breaking device B, Fig. 1, the cor- 
responding ratio adjusters are brought to the position 
- equalizing the voltages and the circuit again closed, 
which completes one cycle of operation. 
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Fig. 2—Wirine Dracram,—Sinete-Circuir Power TRANS- 
; FORMER AND Avxitiary Motripie-Circuir ReEGuLatiING 


_ Auto TRANSFORMER 


_ Several methods of applying this scheme have been 
_ proposed as follows: . 

‘1. One three-phase power transformer containing 
_ two parallel windings, each equipped with three simul- 
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taneously operating ratio adjusters having a small time 
interval between the operation of the two sets. The 
wiring for this scheme is shown in Fig. 1. 

2. Three single-phase transformers and one three- 
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phase regulating auto transformer, similarly equipped 
with ratio adjusters as shown under Scheme 1. Ex- 
ternal reactors are necessary during the period of paral- 
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Fic. 4—Wirtnc DiagramM,—Mo.tipLte-Circuir PowrRr 
TRANSFORMER AND AUXILIARY MULTIPLE-CircuIT REGULATING 
Auto TRANSFORMER 


lel operation of the two windings with a difference of 
one tap in their ratios due to the low reactance of the 
auto-transformer. These are diagrammatically shown 
in Fig. 2. 

3. Single-circuit, three-phase transformer using the 
same adjusters but requiring external reactors which are 
continuously in circuit, illustrated by Fig. 3. 
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4. Multiple-circuit, three-phase power transformers 
with the addition of a three-phase regulating auto 
transformer equipped similarly to Scheme 2, as shown in 
Fig. 4. 

5. Buck and boost connections as shown in Fig. 5 
require the same equipment as Scheme 2. 

Practically the same cycle of operation takes place in 
each of the schemes proposed and in general it is as 
follows: Referring to Fig. 1, 

Mechanism. The operating mechanism consists of 
shafts and an intermittent gear by means of which one 
revolution of the main shaft operates alternately two 
auxiliary shafts. Referring to Fig. 7, the auxiliary 
shafts are alike, together with all of the apparatus 
controlled by them; and they follow the same sequence 
of operation. The auxiliary shafts, by means of bevel 
gears, operate their respective ratio adjusters and, by 


7A 
Power Transformer 
High Voltage Winding 


Power 
Transformer Low 
“Voltage Winding 


Motor Operated 
Ratio Adjusters 


; 


1 (& 
% 


« 


Breakers 


4. 
\ 
be 


Fic. 5—Wirine Dracram,—Sinoiz-Circurr Pownr TRANS- 
FORMER AND AUXILIARY Muttieite-Circuir Buck anp Boost 
ReouLating Auro-TRANSFORMER 


Transformer —> 


High Voltage Winding 
of Regulator Auto- 


means of a pair of cams, the corresponding circuit 
breakers, the cams being so designed that the circuit 
breakers open in advance of the ratio adjuster move- 
ment and close the circuit after the ratio adjuster 
comes to rest. The cams are designed so as to operate 
positively both opening and closing, although in addi- 
tion to a toggle joint, a trip mechanism is provided in 
order that the cireu't breaker will open quickly as in 
ordinary switch operation, but in case the contacts 
weld the cam will force them open before the ratio ad- 
Juster moves. The main shaft may be hand-operated 
by means of a handwheel or, where remote control 
is desired, a motor operating mechanism is provided 
which is in every way identical to feeder voltage regula- 
tor equipment. 

In order to take care of cases where electrical opera- 
tion of circuit breakers is preferred, space is provided 
on the main shaft for the location of a controller by 
means of which circuit breakers may be controlled 
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i 
electrically in proper sequence with the ratio adjusters. 
Each mechanism is totally enclosed in a weather- 
proof housing, all doors of which are sealed by one lock. 


and its base can be removed as a unit without any dis- 
mantling of the mechanism whatsoever from the trans- 
former. All gears, shafting, switch-operating rods, — 
cams, etc., are also enclosed in weatherproof casings and _ 
tubes, all of which combine mechanically into a com- | 
plete casing for all moving parts. 4 


RATIO ADJUSTER 

In the ratio adjusters designed for this service, special | 
attention has been given to the matter of the contact — 
making element so as to make it suitable for large cur- | 
rents and at the same time make it extremely sturdy | 
and reliable. This was done because of the fact that in — 
these equipments the ratio adjusters are apt to be _ 
subjected to an extremely large number of operations. | | 
The simple and well-known standard finger contacts © 
which have been used for a long time in connection | 
with controllers are employed. These are mounted on © 
a crank shaft and, by means of a simple cam, the posi-__| 
tion of the contact fingers is positively controlled. 


CIRCUIT BREAKERS 


Standard oil circuit breakers are being used to 
interrupt the current, their rating being determined | 
by the current to be interrupted and the line voltage, 
except in those cases where the circuit breaker can be © 
placed in the neutral with one side solidly grounded. 
In this case the voltage rating can be considerably 
reduced. 


It is worth noting that the electric duty on the | 
circuit breakers is very much milder than usual service _ 
requirements for which standard oil breakers are de- | 
signed, on account of the fact that both circuit breakers | 
are never opened simultaneously, their function being 
merely to transfer the load from one parallel circuit-to 
the other. As previously explained, the voltage which 
appears across them is equal only to the voltage of one 
step combined with the impedance drop which exists 
on the loaded side, and this is only a small fraction of © 
line voltage. Moreover, the breakers will never be | 
called upon to interrupt short circuit except in remote’ 
cases of the mechanism operating when short circuit | 
exists. 


All of the installations furnished to date are motor- | 
driven and the handwheel is furnished for emergency | 
operation in the case of the loss of the motor supply 
Each mechanism is provided with a suitable | 
gear for the installation. of a tap position indicating | 
device. i 

POSITION INDICATOR \ 

Two different systems for this feature are available — 
and each has been furnished; first, the Selsyn Indicator — 
and second, an auxiliary tap switch. The former — 
graphically indicates to the operator each step in the — 
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operation of the mechanism by a revolving pointer over 
a numbered dial while the latter performs practically the 
same service by means of different colored lamps. 
The former probably presents the better appearance 


on the swithcboard and in the case of the latter it 


requires one wire per step more above four steps than 
that required for the Selsyn. 
i PROTECTIVE DEVICES 

It is highly desirable and therefore recommended 
that each unit be provided with the following protective 
scheme which has been used on all equipments to date. 
Each parallel circuit is provided with current trans- 
formers of suitable ratio, differentially connected to act 
through a timer relay to operate a signal in the switch- 
board operating room in case one of the oil circuit 
breakers accidentally opens or fails to close during the 
cycle of a tap change. It will be noted that two dif- 
ferent ratios of current transformers are required in 
Fig. 1, as they are inserted between windings 
containing adjusters and the circuit breakers. This 
is necessary since current transformers are within the 
leg of each of two phases while the third is in the line 
lead from a delta. 


Further protection must be provided where solenoid 
or motor-operated circuit breakers are used, to insure 
stopping the mechanism motor if direct current is not 
available for operation of the breakers, and also to 
protect the adjuster from acting as a circuit breaker or 
closing device if either breaker fails to open or close. 
This protection is afforded by means of auxiliary 
switches mounted on the circuit breakers and electri- 
cally interconnected with the controller of the operating 
mechanism, and a magnetic lock on the main shaft of 
the latter. Each mechanism is provided with cutout 
and fuse box for the operating motor circuit, as it is 
necessary to open the motor circuit if it is alive, during a 
period of hand operation for testing or adjusting pur- 
poses. This is necessary due to a novel feature of the 
mechanism, in mechanically holding the relay switch 
closed after it has been closed by electromagnets and 
held thus throughout a tap-changing cycle. There- 
fore, it is not necessary to keep the control switch 
closed any longer than to merely start the mechanism, 
as it will automatically come to rest at the completion 
of one cycle. 

There is also provided a tap indicating dial for hand 
operation. 

INSTALLATIONS 


Regarding the installation of this equipment, little 
additional work has been found necessary in the field 
Over and above that required for ordinary transformer, 
installation, as the mechanism, with its housing, is 
shipped completely assembled and only needs lining up 
on its own base and connecting through its connecting 
rods and casing to the main transformer tank. Electric 
cables for the equipment are also furnished complete to 


a terminal block in the mechanism and nothing remains 
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to be done other than wire between this block and the 
switchboard. In this, the protective wiring is not 
included. 

It has been found possible to ship all the power 
transformers, equipped for this type of ratio changing, 
completely filled with oil, so that even though this 
feature is included in large power units it has not 
necessitated an increase in physical size, such as to 
render it necessary to dry out the windings at the 
customers’ plants. 

An example of the usefulness of these devices is the 
installation at Chester, Pennsylvania, where a power 
plant is supplying, from the same bus, a local load anda 
larger load to Philadelphia, twenty miles away. By 
using four 20,000-kv-a. transformers provided with this 


Fic. 6—Ouvurpoor TRANSFORMER FROM LOw VoLTAGE SIDE 


device, the voltage on the Philadelphia load is controlled 
independent of the local load conditions. The regulat- 
ing equipment is a part of the 13,000-volt circuit, and 
seven voltage steps through a total voltage range of 12 
per cent is obtainable. The equipment is outdoors and 
the circuit breakers are cam-operated. Four inde- 
pendent push-pull button controls, one for each unit, 
are located in the switchboard room, about one quarter 
of a mile away. Fig. 6 illustrates the completely 
assembled transformer mechanism and oil circuit 
breakers. 

The switchboard panel for each unit is equipped with 
a Selsyn indicator which, actuated by a Geneva gear in 
the mechanism, indicates to the operator the instant the 
mechanisn is in motion and again when it has come to 
rest. An additional device for each unit furnished 
consists of a Geneva gear operated controller on the 
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main shaft of the mechanism, a compensator or auto 
transformer in the housing, and a voltmeter .on the 
switchboard. The purpose of this latter equipment is 
to indicate, in the operating room, the high line voltage 
at a predetermined point on the transmission line. 

It was found necessary to use this equipment for 
changing ratio from two to six times a day. 

A few items of interest concerning this installation are 
as follows: 


Weight of transformer interior. . 56,800 lb. 

ae ‘o S*- O14 a eee 46,200 “ 
“SS = ech anisni seein 1,600 “ 

Total weight.) i) a eee 130,000 “ 


Fig. 7—Sxowine MecnanisM For TRANSFORMER STEP VOLTAGE 
REcULATOR—Top VIEW 


The entire equipment was shipped on a deep-well 
car, the tank containing all the oil except that for the 
conservator, which accompanied the unit in drums. 

A very similar installation, with the exception that 
the breakers used are indoor solenoid-operated type, 
consists of two 20,000-ky-a. units each having nine 
voltage steps. These transformers are about to be 
placed in service at Buffalo, N. Y. The mechanism 
is designed to give a complete tap change in twenty 
seconds with the use of a controller as the means for 
tming. A longer period is required to properly carry 
out the operation of this type of breaker than is neces- 
sary with a mechanically operated one. 

In an installation soon to be in operation at Peoria, 
Ill., a 80,000-kv-a. transformer bank is provided with a 
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16 per cent voltage range in seven steps by mene of a 
auxiliary regulating auto-transformer connected int 
the low voltage or 15,000-volt side of the power w 
This unit also requires twenty seconds for a comp 
tap change for the same reason as in the prece 
installation, although motor operated breakers 
supplied. 

Another installation using Scheme 5, previo 
listed, will shortly be in operation to give a 10 per 
boost and 10 per cent buck in a 66,000-volt line carryi 
36,000-kv-a. This installation will have nine equa 
steps either side of neutral. 

The foregoing shows the variety of uses to which this — 
device has been applied handling large blocks of pow 
Another field has recently been entered, in which th 
scheme of voltage control may play an important pa: 
and this is electrolytic reduction. Work is well un 
way on transformers about 3000 kv-a. in size, wi 
adjusters in the two parallel high voltages india | 
to give a low tension voltagerange of from 60 to 130 volts. 

It is not an accident that these devices are being | 
furnished in connection with the voltage control of very __ 
large blocks of power. The fact that the regulating _ 
equipment can be made part of a power transformer — 
without greatly increasing the kv-a. rating results in 
economy in first cost and high operating efficiency, | 
providing the transformer rating is sufficiently large. — 
Furthermore, changes in the load where the ky-a. is | 
large, are much more gradual and occur less often than 
when smaller amounts of energy are to be cared for. | 
Therefore, regulating apparatus capable of operating | 
very quickly and very often, as is the case with induc- __ 
tion regulators, is not so essential. | 

For the reasons given, greater economy, greater 
efficiency are available and the general performance — 
of the device makes it particularly desirable where © 
voltage control is required in connection with very 
large amounts of power. 


HYDROELECTRIC POWER-PLANT IN 
BRITISH COLUMBIA 


One of the largest hydroelectric power plants on the 
North American continent is about to be constructed | 
approximately 135 miles north of the city of Vancouver _ 
at. Seton Lake, the Department of Commerce is in- 
formed by Consul E. L. Harris, Vancouver. Within 
the next five years it is planned to spend $13,000,000 
in the development of the first unit. Sixty thousand | 
horse power will be available from this new instal- 
lation. Additional units may be installed later. 


The exhaust gases of the Diesel engines will ae used 
upon four new German ships to generate electricity 
which will be utilized for lighting and cooking purposes. _ 
The hot exhaust of these engines will be passed through 
specially designed boilers and the steam’ so generated 
will, in turn, be used to drive electric dynamos. . 
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Engineering Research—An Essential Factor in 


Engineering Education 
BY C. EDWARD MAGNUSSON: 


Fellow, A. I. E. E. 


[. may seem trite to assert the interdependence of 


a eee 


engineering research and engineering education, and 

no doubt most workers in the vinyard would consider 
the title of this paper as axiomatic,—the statement of a 
self-evident fact. In theory the great majority of the 
members of our engineering faculties, as well as prac- 
tising engineers, who have given time and thought to the 
training of young men for the engineering profession, 
readily subscribe to statements emphasizing the 
importance of research as a factor in engineering edu- 
cation; but 7n practise—well, “‘the spirit is willing but 
the flesh is weak.”’ 

In the majority of our engineering colleges and tech- 
nical schools very little if any research is in progress, 
and even in our leading institutions comparatively few 
members of the teaching staffs are actively engaged in 
worth-while investigations. As yet the research spirit 
is an attribute of individual members of the faculties 
and not of our engineering colleges as institutions. 
Professors who have gained recognition as investigators 
are looked upon as ornaments, and not as the bone and 
marrow of the university. Research remains a side 
issue, something very desirable and highly creditable 
to our technologic institutions, but not to be taken 
seriously as an essential factor in the training of en- 
gineering students. 

The rapidly increasing importance of engineering 
research in the industries stands in striking contrast to 
the apathetic condition that exists in many of our edu- 
cational institutions. In large manufacturing concerns 
the research departments have gained in recent years 
prestige and influence far beyond the fondest dreams of 
the pioneering investigators of thirty or forty years ago. 


' The development of new ideas is by now an integral, 


and, in many cases, a vital part of industrial organiza- 
tions. Research engineers are continually transforming 
new ideas into effective weapons of offense and defense 
in present day industrial warfare. The research de- 
partments provide the means for gaining new markets, 
and form the bulwarks of defense against competition 
in established fields. That industrial research will 
continue to expand is certain, as the work rests on a 
sound economic basis. Properly conducted research 
not only pays well—in fact brings large returns on the 
investment—but is a basic necessity, in order to enable 
industrial organizations to live and prosper. 

While, in the main, the expansion of research in the 


1. Dean, College of Engineering, Director, Engineering 
Experiment Station, University of Washington. 
Presented at the Pacific Coast Convention of the A. I. E. E., 
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industries has had a salutary effect on our engineering 
colleges, still it has developed conditions adverse to the 
effective training of engineering students. Industrial 
research has emphasized the importance of giving stu- 
dents clear concepts of well established fundamental 
principles and created a new and highly attractive 
professional field, thus providing the studious, scientific- 
ally inclined, engineering student with a better apprecia- 
tion of fundamental physical laws and a definite goal 
for his ambition—to become a research engineer. 

Of adverse factors two are of special significance: 

1. The type of mind required for becoming a suc- 
cessful research engineer is essentially the same as for 
gaining prominence as a professor in some field of 
engineering. As industrial concerns are able to pay 
larger salaries than educational institutions, and what is 
often of greater importance, can provide better facilities 
for carrying on investigations, the teaching staffs are 
being robbed of their best men, and, to a large extent, 
have been cut off from the supply of desirable recruits. 
This factor affects not merely the faculties of engineer- 
ing departments but likewise those of physics and 
chemistry. Unless this movement can be checked and 
emoluments of professors be made as. good or better 
than those given to research engineers, the results will 
soon prove disastrous to technologie training. For, in 
order to have a first class college of engineering, there 
must be first class men on the faculty. 

2. Even under present conditions, the amount of 
research accomplished by industrial concerns is over- 
whelmingly greater than what is done in the universities 
and professional schools. With industrial research 
staffs having several thousand members—as, for 
example, the recently organized Bell Telephone Labora- 
tories—and with adequate facilities at their disposal, 
is there any wonder that the research output of a college 
faculty, with its members giving practically all their 
time and effort to teaching, should be very small in 
comparison? The contents of our scientific and tech- 
nical journals and the proceedings and transactions of 
our scientific and technical societies give evidence of the 
increasing preponderance of papers from industrial 
research departments, with a corresponding relative 
decrease in contributions from educational institutions. 
To those who are familiar with existing conditions for 
conducting research in our colleges of engineering and 
institutes of technology, as compared with the facilities 
provided by research departments of many industrial 
concerns, the wonder is not how little, but how sur- 
prisingly much the professors actually accomplish. 

Still the distressing fact remains that the relative 
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importance of our institutions of learning as centers of 
research is rapidly decreasing, a situation that should 
be given serious consideration, not only by faculty 
members of our engineering colleges and technical 
schools, but likewise by all progressive engineers and 
captains of industry. It is, by now, quite generally 
recognized that during his four years in college, the 
main purpose of the prospective engineer is to acquire 
a mastery of engineering fundamentals and a working 
knowledge of mathematics and English, while com- 
paratively little importance is attached to the gathering 
of detailed information on current practise. (In 
paranthesis it may be noted that while engineers and 
educators are generally agreed that the major part of 
the student’s time and effort should be given to engineer- 
ing fundamentals, there are apparently widely divergent 
views as to what the term implies. For the purpose of 
this paper let it be assumed that by engineering funda- 
mentals is understood the basic physical laws with and 
under which the practising engineer works, lives and 
has his being.) The student in college should gain a 
deep and full realization of the far reaching importance 
of the principle of the conservation of energy, New- 
ton’s, Joules’, Ohm’s and Kirchoft’s laws, and similar 
established basic physical relations, and acquire the 
ability to apply them correctly to quantitative engineering 
problems. 

In order to give the student a clear insight into the 
basic laws of engineering and their application to 
quantitative problems, with that perspective of coming 
events so tersely expressed by Mr. B. G. Lamme: “‘?t 
should be remembered that much of what these young men 
will work with has not yet been discovered’ and requires 
teachers who are continuously applying basic principles 
in their own search for new truths. The title ‘research 
professor,’’ which, in the last few years, has made its 
appearance in several university catalogues and bulle- 
tins, indicates an unfortunate tendency. It gives 
official recognition to a separation of the teachers from 
the investigators—and thereby erects a new barrier 
between the students and the progressive thinkers on 
the teaching staffs.. It would be better both for the 
students and institutions, if successful research could be 
made a requirement for all members of the faculty, and 
that in rating our engineering colleges and technical 
schools, more emphasis could be placed on the quality 
and number of engineering bulletins and scientific 
papers published than on the number of students or 
available laboratory equipment and size of buildings. 
There can be no question that much more research must 
be done in our engineering colleges than obtains at 
present. Attempting to solve new problems is the best 
means for developing initiative and the ability to 
think. 

If it be admitted that research surroundings are essen- 
tial to the proper training of engineering students, and 
that present conditions in most engineering and _tech- 
nical schools make worthwhile investigations well nigh 
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impossible, it is evident that the question of improving 
existing conditions must be given serious consideration. 

Of course most of the difficulties that beset our en- 
gineering colleges would be eliminated if adequate funds _ 


were available for research facilities and pay for staff — 4 


members comparable to those provided by industrial — 


organizations; but there is little hope for general relief — : 
in this direction as the number of students seeking 


training is, in most institutions, increasing at a greater 
rate than the material wherewithal. As amore likely _ 


method for bringing engineering students in touch with 


worthwhile investigations, the author would stress the 
importance of a closer and more extensive cooperation — 


between the research divisions of industrial organiza- 


tions and educational institutions. 
gestions are submitted: 

1. Industrial organizations should establish numer- 
ous: research fellowships in engineering colleges, not as 
gratuities but as necessary investments against their 


The following sug- & | 


own future need of properly trained additions to their — | 


staffs. 


2. Cooperative work between research departments of | 


industrial organizations and educational institutions 
should be greatly increased. 

3. Some form of bonus system should be established 
by which engineering colleges would receive financial 
returns from industrial organizations for having dis- 
covered and trained exceptionally successful engineers. 

4. Let educational institutions take out patents on 
new ideas of commercial value originated by faculty 
members; that is, expand and make effective the plan 
recently adopted by Columbia University. 


5. Establish research foundations as integral parts 
of engineering colleges. 

6. Leta larger share of the normal income of educa- 
tional institutions be expended on investigational work. 
This would be in accord with the policy adopted by 
industrial organizations. Twenty or thirty years ago 
the budgets for research were insignificant in most of 
our industrial organizations, while today the research 
divisions in several manufacturing and operating 
companies expend millions of dollars annually. 


7. There should be instituted an exchange of en- 
gineers between engineering faculties and engineering 
staffs of manufacturing companies and other industrial 
organizations, the plan might be somewhat similar to 
the exchange of professors between European and 
American universities. 
could not be effected, let the manufacturing companies 
donate the services (Sabbatical year) of some of their | 
engineers, who would devote all of their time in selected _| 
engineering schools during a full academic year. 

To properly train engineers is an expensive process. _ 
To obtain satisfactory results our engineering colleges | 


must be provided with much greater financial support | 


in the future than has been the case in the past. Ifthe — 
service rendered by our engineering colleges is of value _ 


If a man for man exchange | 


| 
/ 
i 
1 
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to industrial development, let organized industries as- 
sist in providing adequate means so that the work may 
be well done. 

If the basic necessity for research on a scale larger 
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than hitherto exercised in our engineering colleges and 
technical schools be fully understood and appreciated, 
means and methods for improving existing conditions 
will no doubt be forthcoming. 


' Discussion at Swampscott Meeting 


STUDIES OF TIME LAG OF NEEDLE GAPS! 
(McEacuron AND WADE) 
Swampscort, Mass.; May 9, 1925 

C. H. Dagnall: I should like to ask Mr. MeEachron what 
method he used to have the specified amount of gas—inert gas— 
inside of a tube to concentrate a stream of electrons into a point. 
It has been found that when a definite amount of inert gas is 
present in the cathode-ray tube, due to ionization of this gas, the 
electrons flowing are concentrated into a very fine stream, 
instead of spreading out due to repulsion between the electrons 
and the stream itself. I should like to know what method Mr. 
MeEachron used to produce this definite amount of gas. 

H.B.Smith: | think this paper of Mr. McEachron deserves 
discussion, and, in my own case, appreciative discussion, because 
in 1914 we attempted at Worcester to carry out a little of the 
fundamental research on dielectrics which Professor Adams 
pointed out the other day as important, as a basis for cable 
design as well as other things. We wanted to see what could be 
determined with regard to the analysis of dielectric phenomena 
oceurring when approaching the point of breakdown of the 
dielectric. We wanted to get polar oscillograms of half waves of 
eurrent and voltage on a sample of dielectrie just previous to the 
point of breakdown, in order that we might analyze the phe- 
nomena going on in the dielectric under that condition. 

Now, our first attempt, beginning about 1914, although 
recognizing the inherent difficulties of any instrument involving 
inertia, was with the application of the Einthoven galvanometer, 
which minimizes inertia of parts for the current wave. An 
electrostatic instrument with a very fine metal filament deflected 
in an electrostatic field was used to get the voltage wave simul- 
taneously, with a suitable photographie optical system, shutter, 
ete., so that we might obtain a half wave of both current and 
e.m. f. ona polar diagram of sixty cycles. 

That was not the high speed with which Mr. McEachron has 

worked, but still it is fairly high, and we obtained very good 
polar diagrams under those conditions. But the diagrams were 
of such a character that the more we studied them, the more we 
were afraid of the inertia effect. 
So the next step naturally taken up was the application of the 
eathode ray, and in that case, we made use of the Western Elec- 
trie Company’s development of the cathode-ray tube, and ran 
into just the difficulty mentioned by Mr. McEachron with 
regard to getting a satisfactory photographic impression at that 
speed. We couldn’t do it. We had just about reached that 
point when we learned of the Dufour instrument and attempted 
to make use of that. This was around 1917, and the war 
conditions made it impossible to continue the work. 

However, experience with this instrument shows that we can 
secure such records as are needed for half periods on samples 
of dielectric, under the unstable conditions approaching break- 
down. It offers opportunity for this in a most promising 
fashion. 

W. L. Smith: I was wondering how far it is possible to 
carry this speed before one runs into the difficulty of the change of 
inertia of the electron with its speed, limiting the speed of the 
phenomenon to be measured. , 


j ie Presented at Swampscott Regional Meeting, Swampscott, May 
7-9, 1925, 


Saratoga Springs, N. Y., June 26, 1925. 


E. E. F. Creighton: In the early years of lightning arresters, 
and protective devices’ development I spent many hours 
with Dr. Steinmetz speculating on what might be taking place 
in the earlier parts of our artificial lightning discharges. We 
could estimate, in a way, what extremely high frequencies might 
be brought into existence—superposed on our lightning frequen- 
cies which were, as a matter of fact, carried as high as 5,000,000 
cycles per second—but there was no assurance that these super- 
posed higher frequencies actually existed to any appreciable 
degree. The mathematical caleulations of the resistance of the 
“skin effect,’’ for example, indicated that such high frequencies 
would be damped out immediately. These puzzles of more than 
twenty years’ standing have been carried in our minds. There- 
fore, to me, personally, it is a most peculiar pleasure to look on 
these oscillograms of records of millions of cycles per second and 
see the complete solution of our speculative problem. 

I wish to make one correction as to the authors’ credit given to 
Mr. Duddell in the matter of the early work on the oscillographs. 
There are three men who stand preeminent in the development of 
the oscillograph—Blondell in France, Duddell in England, and 
our good friend, Louis Robinson, in America. 

André Blondell is, without doubt, the father of the oscillograph. 
In 1898 I passed through London on my way to Paris and spenta 
day with Mr. Duddell. He was just getting his oscillographie 
work under way at that time. Upon arrival in Paris I found 
that M. Blondell had had his oscillographs in use for a long time. 
He had both the magnetice-needle type and the bifilar type which 
is in such universal use today. The practical oscillographic 
apparatus which all of us know and find so convenient to use is 
entirely the work, one might say, of Mr. Robinson. 

L. R. Golladay: I was interested in the author’s investiga- 
tion of the impulse circuit resistance to give most nearly a vertical 
wave front. It seems to me that a moderate amount of over- 
shoot with a steeper wave front might not be objectionable. 
If the frequency of oscillation were high enough, the effects on 
the time lag of the alternate half-waves would, at least approxi- 
mately, cancel out. 

The authors conclude that the percentage of over voltage 
required to keep the lag at two microseconds or less, deereases as 
the gap spacing inereases. This conclusion must be based on 
data not included in the paper. It is to be inferred from 
Pedersen’s work that the percentage of over voltage to keep the 
time lag constant with increasing gap length would increase. 

I have referred above to the work of P. O. Pedersen who has 
published two important papers on spark lag in the Annalen der 
Physik. His method makes use of the velocity of spreading of 
Litchtenberg’s figures, and of the velocity of propagation in 
conductors, to measure time lags of the order of 10~® seconds. 
The present paper indicates that very careful work is required to 
obtain consistent results in measuring times as short as those 
measured by Pedersen. <A few of the latter’s conclusions are as 
follows: 

(a) For constant gap length, the time lag decreases as the 
excess voltage increases. A similar conclusion is reached in the 
present paper. 

(b) For constant surge voltage, the time lag decreases to zero 
as the gap length is shortened. 

(ec) Effects of electrode shape. 
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1. For equal gap lengths, needles and points are faster than 
sphere-gaps. 

2. For equal time lags, a needle gap is about one-third longer 
than a sphere-gap. 

3. Withagap of 3mm., and about 100 per cent excess voltage, 
the time lag of a 10 mm., diameter sphere-gap was found to be 
10.5 X 1078 see., and of a needle gap, 5.6 X 107° sec., at the 
same voltage. 

a The time lag of a gap is determined almost entirely by 
sh ape of the anode, and the cathode has practically no effect. 

accounts for the results obtained with a gap between a point 
a plane in the present paper. 

d) A minimum time lag is obtained with clean electrodes, 
which may be multiplied by five or more by contamination of the 
electrodes surface. The effect of a spark is to increase the time 
lag for subsequent sparks due to corrosion of the electrode surface. 


Time lag depends more upon the ratio of impressed 
voltage to breakdown voltage, than upon gap length, although 
there is a slow increase with increasing gap length. 

The above results were obtained with relatively short gap 

Q isually of a few millimeters. It is interesting to note 
that Pedersen found that the time lag is more affected by the 
electrode surface than by the electrode shape. 

In the course of lightning-arrester development work, the 
writer had oceasion to develope a means for measuring time 
lag of insulator flashover, breakdown of spark-gap, and discharge 
of lightning arresters. Satisfactory answers to these problems 
were obtained with a ‘“‘timing”’ cireuit consisting of a condenser 
and resistance connected in series and shunted across the appara- 
tus to be timed. The peak voltage of the condenser is measured 
by a small sphere-gap in the case of long time lags, or by a kly- 
donograph in the case of short time lags. With the assumption 
that the voltage impressed on the timing circuit has a rectangular 


wave shape, the time is given by the formulat = R C loge 


E-—e 
where Rand C are the constants of the timing circuit, E the surge 
voltage, and e the condenser voltage. With this method we 
have obtained a figure of 2.7 microseconds for the time lag of a 


25-ky., pin-type insulator with 150 ky. impressed. The time lag 
of a 25-cm., sphere-gap set at 8.5 mm., was 0.24 microseconds 
with 36 kv. While the sphere-gap is fast, it is not instantaneous. 


It has a measurable time lag. 

As a matter of interest some tests were made under one of the 
conditions of the present paper, a 12-mm. needle gap at 22 ky. 
A 0.1-microfarad condenser supplied the surge through a 675- 
ohm resistor. The results obtained were: Minimum time lag, 
0.83; average 3.3; and maximum 13.8 microseconds. These 
results are of the same order but somewhat lower than those of 
the paper. I believe that the discrepancy is due to differences in 
tests conditions. The results with the needle gap were quite 
erratic compared to those obtained with sphere-gaps. The 
major inconsistencies are probably due to microscopic differences 
in the needles. The smaller differences are encountered when 
testing with sphere-gaps and are probably due to minor changes 
in test conditions. 

E.E. Burger: One of the most important uses of the eathode- 
ray oscillograph at the present time is to study the operation of 
lightning arresters. Heretofore, we have had to rely chiefly upon 
sphere-gaps for measurements but since only maximum values 
could be measured and the time element was not considered, 
questions of uncertainty always accompanied the measurements. 
By applying this oscillograph to lightning-arrester test circuits a 
new field of information has been opened for study. 

In the study of lightning arresters, there are two important 
points that we wish to consider from the protection standpoint: 
First, how much above the insulation test voltage do the arresters 
allow the voltage of the transient to go, and second, what is the 
duration of this over voltage. Most insulation has a test voltage 
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- of the electrons but rather on means of drawing ou 
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of approximately two times normal for one minute. 
the mechanism of insulation breakdown seem to i 
that insulation failure depends upon an overvol 
characteristic. 
The accompanying curves show two cathode-ray oseillo 
transcribed into rectangular coordinates. The ordinates : 
sent the value of voltage impressed across apparatus insul 
and the abscissas give the duration. Curve A shows a 
characteristics without the lightning arrester, and C 
shows the change in the transient caused by the operatioz 
the arrester. Line C would represent the A. I. E. E. value 
test voltage. The area under Curve B and above line C 
sents the realm in which insulaton may become damaged 


KILOVOLT EFFECTIVE 
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MICRO SECONDS 
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OsciLLoGRAMS SHOWING RiIsE oF VOLTAGE (A) Wirnout AND 
(B) Wir LicuTninc ARRESTER. — we 
Now the question is; what kinds and shapes of transients shall 
we apply to arresters? In the laboratory it is possible to pro- — 
duce transients of almost any wave front, voltage or duration, 
but we do not know how these transients compare with what 
we actually get in practise. This is one of the most important — 
points we should know, and possibly through the use of this 
oscillograph or other instruments, we may be able #9 determine 
some of these factors. rr 
L. T. Robinson: In connection with this instrument, | 
it is interesting to recall that as early as 1903 a device making __ 
use of the cathode-ray tube for obtaining photographie records 
of electrical wave forms was developed and described by our 
past-president Harris J. Ryan.” rare J 
K. B. McEachron: No direct determination of the correct, 
amount of residual gas is made. The condition of the vacuu ene 
for proper focusing is determined by observing the appearance of 
the cathode stream. To be able to judge properly the | 
the spot in this manner requires somé experience on the 
the operator. The gage shows a pressure of from 2 to 6 microns, ‘ 
but the gage indication is not depended upon for deve 
proper vacuum condition. - 
The question of limitation of the oscillograph raised 
sor W. L. Smith is an interesting question. The elect 


along a time axis. che 
We have used oscillator frequencies as high ‘as 
cycles, detecting frequencies on the unknown transien 
than 100,000,000 cycles. Still higher frequencies may be 
but the sweeping rate becomes so high that it is diffieult 
the phenomena properly. For most work it is doub 
is to be gained by going to frequencies higher than this. 
Coneerning the effect of spacing on the personnel 
voltage required to keep the lag to less than two 
mentioned by Mr. Golladay, the detailed data were not i 
in the paper, but the data for three different spacings 1 


2. The Cathode-Ray Alternating-Wave Indicator, 
A. I. E. E. Tkansacrions, Vol. XXII, 1903, page 539. 
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_ in the text near the end of the paper. The results in the table 
_ are for lags of two microseconds or longer. 

The results obtained by Pedersen are of interest, but as Mr. 
Golladay states, they were obtained on relatively short-gap 
lengths with which electrode conditions are of greater importance 
_ than with larger gaps. 

The time lags on the insulation and sphere-gap as given 
by Mr. Golladay are of note, but the results will depend consider- 
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MISSISSIPPI RIVER CROSSING OF CRYSTAL CITY 
TRANSMISSION LINE! 
(Hates AND ErruingEr) 
Sr. Lovis, Mo., Apri 14, 1925 

J. S. Martin (communicated after adjournment): I have 
been especially interested in the authors’ methods of ecaleu- 

lation of the sags required in the wire, as this is a subject of 
_ which I have made considerable study. In the proceedings 
of the Engineering Society of Western Pennsylvania for Novem- 
ber 1922, I published a tabular method of calculating sag in- 
eluding a set of tables giving the functions of the eatenary in the 
same manner that the ordinary trigonometrical tables give the 
functions of the circle. By means of these tables the sag re- 
quired for any span and any wire can be quickly and accurately 
determined when the span is level. For the caleulation of spans 
on the slope, the writer has resorted to an approximate method 
which gives results as close as the work of sagging can be done 
i in the field and in nearly all cases the slight error is on the safe 
side. 
: The accurate calculation of the sag of wire in a span where 


Difference /W Elev£- 


-Zquivalenry Level Span for Calculations - 


Fie. 1 


the supports are not on the same level is a long and tedious 
process for an expert mathematician even when assisted by 
_ these tables, so that for general use in transmission-line work 
_ the aceurate method is impractical. The computations pre- 
sented by Messrs. Hales and Ettlinger have afforded the writer 
an opportunity to compare results with his method. 

The method used by the writer for general caleulation of sag 
in sloping spans is to take the difference between the level 
measurement of span between the points of support, and the 
actual measurement between these points of support. This 
difference equals Ri in the accompanying diagram. Then add 


this difference to the actual distance between points of support, 


and use this value as an equivalent level span. 

_ A marking point is then placed on each tower at a distance 
from the point of support equal to the sag H, of the equivalent 
level span. See a and b in the diagram. A line of sight a— b 


—— = 


being parallel to a line joining the points of support. The wire 


is then sagged till it strikes this line of sight. 
If the wire would hang in a parabola, a similar method could 
be used, using the level measurement between the points of 


Dian. as the length of span and the results would be accurate, 


but since we assume that the wire is hanging in a catenary, 
er-———— 
1. A.I. E.E. Journat, Vol. XLIV, Oct. 1925, p. 1106. 
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is taken between these two marking points, this line of sight. 
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ably on the wave shape applied. Considerable error may be 
introduced when using this method by assuming a perpendicular 
wave form for calculation purposes. 

Mr. Golladay used a much smaller sphere-gap setting than is 
standard for 25 em. spheres which is probably the reason for the 
rather long time lag given. Peek* has shown that considerable 
lag may be expected with gaps much smaller than 0.3 +/R, where 
R is the radius of the sphere in centimeters. 


Discussion at Spring Convention 


there must be a correction, and the method mentioned above is 
the one used by the writer to obtain this correction. No mathe- 
matical demonstration can be given by the writer for this 
method, except that it is the result of a long series of test problems. 

The ealeulations for the sag of the wire in the span under 
consideration can be obtained by the tabular method in an hour 
or less of work and the computation ean be entrusted to an 
apprentice or office boy. With the method presented by the 
authors of the paper under consideration, the caleulations will 
take a long time and must be made by an expert mathematician. 

The writer has compared the results obtained by the two 
methods and it was found that they differ in giving the elevation 
of the low point of the wire by about 2.2 ft. In order to cheek 
the accuracy of these results the writer calculated the exact 
location of the low point of the wire at zero temperature. It 
was found that while for zero temperature there is a difference 
of 2.19 ft. between the results obtained by the two methods, the 
exact method gives a result between the two, giving an elevation 
of 0.73 ft. above the elevation given by the method presented 
in the paper and 1.46 ft. below the elevation given by the writer’s 
method. This would show that the error of the writer’s method 
is about 0.45 per cent while that of the method given in the 
paper is 0.30 per cent. This percentage is based on the maxi- 
mum tension in the wire as strung according to the two methods. 
This happens to be one of the few cases where the writer’s 
approximate method for sloping spans would give a stress slightly 
in exeess of the theoretical stress desired, but the results are well 
within the limits of the probable errors in field work and in the 
assuinptions with regard to the quality and characteristics of the 
wire used, so that this error is negligible. 

Where it is necessary to know the elevation of the low point 
of the wire for determining clearances, the writer has found the 
following parabolic formula sufficiently accurate for practical 
purposes. ; 

Let, 7 = sag as determined for the equivalent level span 

as previously explained 
E = difference in elevation of the points of support 
D = deflection of low point of wire below lower support 
Then, 


D = (1/H) (H — B/4)2 


In our office, a large part of our routine calculations for sags 
in wires are entrusted to an office boy to do in his spare moments. 
The tabular method is so well adapted for the use of a caleu- 
lating machine, such as the Marchant or Monroe, that it is no 
trouble at all for any person who is ordinarily careful to deter- 
mine quickly the proper sag in the wire even for important spans. 

KE. Ettlinger: The solution of the specifie engineering 
problem of this river crossing, due to the nature of the profile, 
produced two adjacent long spans. The desire to avoid dead- 
end construction, influenced the use of insulating supports in 
suspension on the intermediate tower. Initially, consideration 
was given to a roller-eradle type of support which would allow 
the cable to roll from one side to the other with changes of 
temperature and loading. Numerous objections were found 
to this type of support, the most serious of which was the danger 


incident to the dropping off of ice in one span while the ice 


3. A.I,E.E. Transactions, Vol. XXXIV, 1915, page 1897. 


1248 


remained on the adjacent span, resulting in the decision to clamp 
the eable definitely. 

The elamping of the cable at the intermediate tower and 
supporting it by suspension assembly of insulators int roduced the 
problem of the stress in this support due to temperature and 
loading variations. Caleulations indieated that the suspension 
assembly would not vary from the vertical by more than approxi- 
mately 5 deg. Although the suspension assemblies were de- 
signed for one-half the ultimate strength of the dead-end 
semblies, the actual component of foree in them would not reach 
an excessive V value. 

The authors are aware of the fact that there are numerous 
noteworthy tabular and chart methods of ealeulating spans with 
supports at equal elevation. Also that various approximate 
methods are in use by which spans with supports at unequal ele- 


as- 


vations may be ealeulated. 
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The importance of the problem involved in crossing the I. 
and most important navigable river in thiscountry, itish 
warranted the development of a direet method of ealeu 
for spans with supports at unequal elevations. The e 
and time required to make these ealeulations are really in 
icant when it is realized that the design and construction | 
crossing of the Mississippi River with the rigid requireme 
clearance as specified by the War Depart involves 
siderable responsibility. 

Problems of this magnitude arise but infrequently and 
hardly to be classified as a matter of routine calculation. 
method was developed for the specifie purpose of assurance ¢ 
span performance and as a check on less accurate and emp 
methods. The method of ealeulation illustrated in the pa 
should not consume more than three or four hours to complete 
after one is familiar with the procedure. y 
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THE LOADED SUBMARINE TELEGRAPH CABLE! 
(BuckLEy) 
SaratoGca Sprines, N. Y., JUNE 26, 1925 

W.C. Peterman: This paper treatsof a phase of communiea- 
tion that apparently has not kept pace with the advances in 
other methods of communieation. Numerous inquiries have 
been directed in recent vears about the cause of this apparent 
lack of progress in the field of eable telegraphy. As a matter of 
fact, a very considerable progress has been made in the past 
10 or 15 years. The improvements in this period, principally in 
the terminal apparatus, repeating apparatus and operating 
methods, resulted in a substantial increase of speed and a redue- 
tion cf operating cost. There were, among others, the introdue- 
tion of a sueeessful relay to automatically eonneet two eable 
the development of an amplifier suitable for -eable 
conditions, and the improvement in the design and use of 
artificial cables for duplexing. 

During the past few years there has also been developed by the 
Western Union engineers, a system of repeating-cable signals 
which completely regenerates them as to shape and strength so 
that on leaving the repeating station they are as perfect as when 
originally This system permits of the insertion of a 
number of repeaters in a cireuit where previously one had been 
the limit. By this method, automatic, through operation 
direct between New York and London was for the first time 
successfully accomplished. There has also been developed a 
special printirg telegraph system which permits of a higher 
operating speed in letters per minute than can be obtained with 
the usual cable code which had heretofore been considered the 
fastest system for ocean eables. This printing method has 
proved highly suecessful on a through cireuit from New York 
to London with duplex operation. 

pha the possibilities of this new type of cable, as outlined 
by Dr. Buckley, were presented to us, we were immediately 
sieieacae Our engineers went into the subject as presented 
to them, and came into entire agreement on all points. From 
then on our engineers checked over the designs and plans at every 
stage to satisfy themselves as to their correctness, for a sub- 
marine cable is such a large, long-time investment that every 
precaution must be taken to insure nothing having been over- 
looked. As an additional precaution a trial 120-mi. length of 
loaded cable was manufactured and laid in deep water off 
Bermuda. The results of tests made on this cable were in ac- 
cordance with predictions from the previous laboratory tests and 
theoretical studies made by Dr. Buckley. The Western Union 
was satisfied with the results and preceeded to lay the 2300-mi. 
Azores cable. This was done without mishap and met all 


1. A. TI. E. E. Journat, Vol. XLIV, August 1925, p. 821. 
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requirements. Dr. Buckley is to be congratulated on the 
conception of the application of a material of high permeability 
in ocean cables and on the successful development of the idea. 

With this new eable, combining speed, accuracy, reliability 
and the usual secrecy of cable messages, we are now, for the first 
time, linked by eable to Italy and Spain, and to these we hope 
in the near future, to add Germany. At that time it is expected — 
that this eable will be operated on the multiplex system with five 
or six channels. Three or four of these channels will be used by | 
the Western Union, and it is planned that two or three channels ~ 
will be used by the Commercial Cable Company under agree- 
ment with the Western Union. With the present plans, some of 
the channels will be operated directly from New York to Berlin ~ 
and Hamburg without manual rehandling. One or more 
channels will terminate at the Azores. The channels assigned to — 
the Commercial Cable Company will be operated directly from 
their office in New York to either Germany or the Azores, 
all this gives some idea of the flexibility of the multiplex system — 
when used on such a eable. . 

But more important still, the confidence inspired by the — 
performance of this cable has led the Western Union to order — 
another similar loaded cable, this time to connect New York and . 
London. The signals will be automatically repeated at New- 
foundland and Penzance, England, so that there will be com- 
plete automatic, through operation between New York and — 
London. This new loaded eable will have a still higher operat- 
ing speed than the present loaded cable, being designed to — 
transmit signals of frequencies up to 75 cycles per second, which 
corresponds to a speed of 2400 letters per minute arith eable 
code. 

We shall have to revise our ideas of eable.telegraphy, for this — 
speed is considerably higher than that at which most of the 
open-wire, land-line telegraph circuits in the United States are — 
being operated today. This cable will probably require two — 
overland circuits to carry its traffic from Penzanee—the cable 
station on the coast of England—to London. Indeed, the 
traffic-earrying capacity of this cable will be so great that it will 
be nearly equal to the total capacity of our present seven cab 
to England. The addition of this cable alone will result in-about 
a 40-per cent increase in the traffic-earrying capacity of all t the | 
present North Atlantic cable communication systems. | 
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The operation of these cables with the Baudot code and 1 th; 
number of channels, each with its own transmitter and ¢ 
will place cable operation upon the same basis as our trunk < 
lines, with all that that means in similarity of pe 
and apparatus. With this ‘code there is also the poss 
automatically extending some or all channels of such ¢ 
means of our existing land-line system directly to 


, 


a ke al eclia C 


Nov. 1925 


the United States. A new era is here; between points where the 
traffic is heavy, the old wavy line of the siphon recorder will 
gradually drop out of the picture.’ 

E. B. Craft: I should like to correct one impression which 
may have been given by Dr. Buckley’s paper. As he has 
described the problem of the loaded cable it looks too easy; it 
looks as if all that had been done was to wrap a permalloy tape 
around a copper wire and then make a high-speed cable of it. 

I wish you might appreciate how much more there was 
_ involved in this accomplishment than can be brought out in such 
a brief paper as that to which you have just listened. Years 
of painstaking effort were required and difficulties were en- 
countered at every step. Precautions had to be taken against 
any harmful mechanical and electrical effect which might 
be encountered in laying or operating a cable. 

One very interesting feature of the New York-Azores cable 
which Dr. Buckley has not mentioned is the new type of bal- 
anced sea-earth which was developed after an extensive in- 
vestigation of cable interference. This sea-earth almost 
completely eliminates the effect of local power disturbances and 
atmospherics and makes it possible to operate cables efficiently 
in the most unfavorable terminal locations. 

When the development of the loaded cable was undertaken 
there were no means in sight for efficient operation of such a 
high-speed loaded cable, even if the problems of the cable itself 
could be solved. New operating methods and new methods to 
measure the electrical constants of a loaded cable had to be 
worked out and new instruments had to be developed for these 
purposes. When the cable was laid, these instruments were 
ready and within a few hours after the final splice was made, the 
successful operation of the cable was demonstrated. Almost 
‘every piece of apparatus used in the test and demonstration of the 
cable was new and specially developed for the purpose. A new 
type of cable transmitter, working with compressed air, was 
devised to send messages at speeds many times greater than 
would be permitted by any previously existing transmitter. 
A siphon recorder which would record messages at over 2500 
letters per minute was devised and made ready for the test. 
But perhaps the greatest achievement in this connection was 
the signal-shaping amplifier. This represented an achievement 
comparable with that of the cable itself. In addition to ap- 
paratus for test and demonstration of the cable, operating 
systems suitable for commercial use were worked out and tested 
over an artificial line in the laboratory. All of this was done in 
advance of laying the first cable. 

I hope that some of these accomplishments may later be 
subject to publication, and when all that was done to make the 
permalloy-loaded cable a success is known, I amsure that you will 
feel, as I do, no small satisfaction in its having been an American 
achievement. 

T.S. Perkins: It has occurred’to me to ask why the air-gap 
which occurs in this permalloy winding does not largely neutralize 
the effect of the high permeability of the material? 


O. E. Buckley: Professor Perkins has asked why the air-gap 
between the adjacent turns of permalloy tape does not materially 
neutralize the effect of the high permeability of that metal? The 
answer is rather interesting and may possibly surprise some of 
you. The reason that the air-gap does not introduce much 

reluctance in the magnetic circuit is that the magnetic lines of 
induction are not single loops around the conductor, as has 
“sometimes been assumed, but have the form of a helix which takes 
a large number of turns around the conductor before crossing an 
air-gap between adjacent turns of the permalloy tape. In the 


case of a conductor like that of the New York-Azores cable the 


lines of induction follow the permalloy tape very closely, the 


pitch of the screw of the lines of induction being only slightly less 


than the pitch of the tape, with the result that a line of in- 
_ duction follows the tape for about 20 turns around the conductor, 
_ then jumps an air-gap between two adjacent turns and con- 
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tinues following the tape in the same direction as before for 
another 20 turns, when it again slips back across an air-gap. 
This means that if the permalloy tape were strictly uniform and 
continuous from one end of the cable to the other and if the 
cable carried a steady, direct current and was not subject to the 
effect of the earth’s field, the lines of induction would be con- 
tinuous from one end of the cable to the other. 


ENGINEERING AND ECONOMIC ELEMENTS OF TWO- 
PHASE, FIVE-WIRE DISTRIBUTION! 
(CHASE) 
SARATOGA SprinGs, N. Y., JuNE 25, 1925 

A. H. Kehoe: If one first reads the conclusions of this 
paper (which are carefully drawn) he is apt to take a more gener- 
ous view of the statements which appear earlier in the text. 
For instance, the emphasis on cost of making system changes is 
well placed. 

Concerning the subject of a combined light and power system, 
we believe it can be demonstrated that starting de novo, the ad- 
vantages and disadvantages of two- and three-phase will be so 
nearly balanced that any difference in cost is well within the ac- 
curacy of the original assumptions. In practical applications, 
however, there are three factors which should always receive 
consideration— 

First, the sources of power and transmission, if these exist, 
are three-phase, and the country in general is, and will doubtlessly 
remain, on a three-phase basis for general polyphase utilization. 
This necessitates the use of special polyphase devices where two- 
phase, five-wire distribution is adopted. 

Second, the three-phase, four-wire system requires an odd 
voltage according to present standards, for either one or both of 
the single-phase or polyphase loads. 

In addition to the above the adaptation of existing equipment — 
for combined light and power distribution should be accomplished 
with minimum cost. 

In the two locations where two-phase, five-wire light and power 
distribution systems are contemplated at the present time, there 
is little doubt that due to the existence cf a two-phase system itis 
much cheaper to retain the two-phase than it is to change over 
to a three-phase, four-wire supply. These two locations are the 
exceptions however, and the same elements of cost have the 
opposite effect on the typical systems of the country which, of 
course, are three-phase. The systems adopting two-phase, five- 
wire, will perpetuate non-standard polyphase equipment while 
the three-phase, four-wire systems will force certain rating com- 
promises but should be able to utilize standard equipment, both 
existing and new. Just what this later effect will be, depends 
upon what voltages are selected. The author has everywhere in 
his paper ignored 120/208-volt three-phase, four-wire which 
seems to me to affect seriously some of his deductions. This 
voltage appears to be the only compromise which ean be adopted 
that will allow all existing standard equipment to be utilized 
successfully. 

I have noted such a large number of exceptions in the detailed 
text of the paper that it would be impossible to comment upon 
all of them. JI shall therefore deal with but four or five matters 
which seem to be of most importance. 

Carrying the matter of ‘“‘power per wire”’ to its absurd conelu- 
sion, the system proposed by the author is but 80 per cent effi- 
cient. However, we all must appreciate the tremendous ad- 
vantage of the simple three-wire d-c. system. It is the obvious 
necessity of generating and transmitting polyphase as well as 
having some polyphase utilization, that makes it necessary to 
even consider the complications of going to four-wire or five-wire 
systems to obtain balanced loading on a single system. It may 
be well, however, to bring out the fact that neutral wires have to 
be sufficient to carry the unbalance which depends upon the 


utilization equipment and not the type of system. 


1. A. 1. E. E. Journat, Vol. XLIV, August, 1925, p. 833. 
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Under “inherent advantages” on the third page, the question 
of accommodating phases in separate ducts introduces the ele- 
ment of polyphase motors acting as phase converters while run- 
ning single-phase. This condition at times of secondary short 
circuits is one of the problems with which there has not been 
sufficient operating experience to obtain a positive solution. It 
seems certain, however, that separate polyphase secondary cables 
in separate ducts will not improve the hazard which already 
exists im the matter. 

On the fourth page, mention is made of polyphase transformer 
units. I wish to emphasize this, as in the writer’s opinion we 
have-seareely begun the economic use of polyphase units that 
will come automatically as soon as the light and power systems 
are established in a reasonable number of places. 

With reference to the Scott connection as a hybrid scheme, 
some of us who do not agree with the author, believe we are 
basing our conclusion upon common-sense engineering. Re- 
garding the unbalance due to Scott transformation, it should 
be realized that this occurs at the source of the supply while the 
voltage unbalance, set up in the case of secondaries, occurs at the 
end points of the line. It is doubtful whether any quantity of 
secondary light and power mains would be installed in the country 
with spacing as indicated on the fourth page. Our telephone 
friends might be interested. 

In discussing primary voltages higher than 4000 volts, the 
author speaks of the older natural distrust as if the distribution 
conditions of the last ten years were not justified. We believe 
that it has just been demonstrated by a different design of sys- 
tem that it is possible to distribute at the generator voltage and 
any distrust which has existed in the past was a very proper one 
for the systems then in use. 

R. A. Paine: In the first part of the paper a discussion is 

_ given of the fundamental requirements which any distribution 
system must meet. The field has been covered in a very com- 
plete manner but there appear to be several points on which there 
is disagreement as to just how nearly certain types of distribution 
systems meet all of the requirements. A comparison has been 
made in the paper principally between two types of secondary 
distribution systems, 7. e., (1) two-phase, five-wire system and 
(2) three-phase, four-wire system. 

Throughout the paper the voltage of the three-phase, four-wire 
system has been stressed as being 115/199 volts. This ap- 
parently has been done for a purpose. Since the two-phase, 
five-wire system considered was 115/230 volts, the voltage to 
ground for the three-phase system for sake of convenience was 
also selected as 115 volts. We believe the comparison should 
be made either on the basis of a two-phase system voltage of 
120/240 with a corresponding three-phase voltage of 120/208, or 
on the basis of a two-phase system voltage of 115/230 and a 
three-phase system voltage of 120/208. 

The comparison should be made in accordance with one of the 
above stated methods because in all cases where a distribution 
voltage of 115/230 exists it is entirely possible by proper notifica- 
tion to customers, after authority has been received from the 
public service commission, to raise the voltage to 120/240. Ifa 
particular company does not desire to raise its voltage to the 
above standard, the benefits to be derived from so doing, such 
as decreased losses on account of the higher voltage, ete., should 


not be withheld in making a comparative economic study of the 
two systems. 


Accepting this as fact,—namely, that with a three-phase, 
four-wire system the distribution voltage would be 120/208 volts 
if operation similar to present practise is followed out ,—it should 
be possible to maintain practically this voltage at the customer’s 
service. Hence, if the motor wiring is at all suitable, voltage at 
the motor should be well above 200 volts, three-phase. When 
standard 220-volt motors are used, and assuming the motor 
terminal voltage to be 205 volts, the efficiency at full load is not 
materially less than when the motor is operated at 220 volts. 
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The efficiencies at fractional loads will be somewhat higher 
the motor is operated below 220 volts. The pull-out torque y 
be reduced to roughly 86.6 per cent of the pull-out torque at 2 
volts. Assuming the pull-out torque value to be 250 per cent of 
normal full-load torque, and the motor is operated at rated 
voltage, the new figure will be approximately 217 ed cent wh } 
should prove ample. z 
There should be no trouble in operating three-phase motors at 
120/208 volts, since the heating of the motors should not be — 
materially increased and because the majority of motors operate — 
at somewhat less than their rating. Further advantage may also f 
be taken due to the fact that the motors are rated on a 40-deg., — 
ambient temperature basis and the usual ambient temperatures — 
encountered are somewhat lower than this figure. 


A study of the performance curves of present-day motors indi- 
cates that motors rated at 220 volts are apparently designed for a 
voltage between 200 and 210. Unless the design of motors is 
changed, cases where 220-volt motors will not operate entirely — 
satisfactorily at 205 volts will be very rare. 


The “Outstanding Features’”’ of a two-phase, five-wire dis- 
tribution system which have been outlined in the paper are, with — 
two exceptions, equally applicable to a three-phase, four-wire: ¥ 
system. Of these exceptions one, (namely, use of 208 volts 
three-phase as the motor voltage for the three-phase system as 
against 230 volts for motor voltage of the two-phase system) is 
not a serious disadvantage, if it can be called a disadvantage at 
all. This is on account of the reasons given above. The 
second exception, (namely, the use of three transformers per 
bank for the three-phase system instead of two transformers per 
bank for the two-phase system) is, of course, somewhat of a 
handicap in the case of the three-phase system. Usually, - 
however, there is considerable flexibility possible in the manner 
in which loads are cared for in the three-phase system so that 
this disadvantage can probably be compensated for. 


Voltage unbalances which take place or are inherent in a three 
phase, four-wire system are in all cases extremely small and 
practically no difficulty is encountered from an operating stand- 
point in satisfactorily compensating for them. Y 


This suggestion is made in the paper that a common set of — 
secondary mains be used for supplying both power and lighting 
loads. This practise is quite commonly followed by several _ 
companies at the present time. From the economical point of q 
view, it is very desirable and works out very nicely in practise 
except in cases where extremely severe conditions are imposed 
upon the circuits by some types of power load which necessitates $ 
separate sets of mains for the power and lighting loads. Stress 7 
has been placed upon the saving in the capacity of mains due to § 
diversity between lighting loads and power loads. Any saying 
due to diversity of load in this part of the system will be ex- H 
ceedingly small as a rule. - While the value of diversity is 
exceedingly great it is felt that the actual diversity existing in 
the part of the system being discussed in this paper is generally 
greatly over-estimated. The character of the service which must — 
be rendered has a far greater effect upon the design of the 
secondary mains than does diversity. Any advantage which — 
might exist in certain special cases may be realized equally well — 
for either the two-phase or three-phase distribution system. 

An advantage is claimed for the two-phase, five-wire system, 
particularly in underground districts, in that multiple-conductor _ 
cable can be more readily utilized than with the three-phase _ 
system. While this might be an advantage in some eases it 
would be obtained at the expense of lower quality of service due — 
to the fact that any trouble in the cable would effect a larger 
number of customers than if single conductor cable were used. ¥ 
The three-phase, four-wire system has a very distinct edveieae | 
over the two-phase, five-wire system in underground districts in 
that for the same power to be transmitted four single-conductor — 
cables of somewhat larger size can be installed instead of five — 
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e-conductor cables with considerable economy in investment 
duct space occupied. 
In the case where secondary circuits are extended into new 
ory a three-wire, open-Y, 120/208-volt installation may 
ally be made. This arrangement is the equivalent of 
ling a three-wire, 115/230-volt, secondary line in the two- 
system. If later, polyphase service is required it is 
sary only to run an additional wire or cable, while with the 
hase system to render polyphase service two additional 
wires must be installed. 
Referring to Table No. 4, it is seen that the total annual cost of 
e three-phase, four-wire primary, three-phase, four-wire 
ndary system is approximately 7 per cent less than the two- 
phase systems shown as Nos. 1 and 2 in the same table. This 
nts to upwards of $30,000 annually. Capitalizing this 
ing at 1214 per cent the above figures correspond to an in- 
yestment saving of about a quarter of a million dollars. 
_ With regard to all of the points at issue, it may be confidently 
“stated that the three-phase, four-wire distribution system with 
voltages 120/208 is quite able to hold its own with the two- 
, five-wire system with voltages 115/230 and has the 
advantage of using recognized standard apparatus, 
including three-phase motors. It is very likely that future 
developments and refinements will benefit the three-phase 
system to a greater extent than they would benefit the two- 
system since developments are usually made for the 
it of the majority. 
n discussing a common system of a-c. secondary mains for 
lights and motors, the author suggests stricter requirements 
| motor-starting currents. If lower starting currents than now 
are a requisite for any particular type of distribution system, 
| factors entering into the problem should be carefully evalu- 
Las, in general, the larger the permissible starting current, the 
the cost of the motors. In Brooklyn the use of a com- 
O( lighting and power secondary is practically universal and 
been for a great many years. We have made our motor- 
ting current requirements very broad and have found that we 
encouraged the use of electricity as a power source, by 
ig the customer’s initial investment. Any motor in- 
tion conforming with the 1923 N. E. L. A. Motor Rules is 
ed. In addition, we shall accept motor installations 
starting currents in excess of these rules, provided no 
tional voltage fluctuations are experienced by other 
mers connected to the same secondary, as the customer 
the large starting current. We believe that all forward 
engineers should plan and design their distribution 
ms so that any motor installation meeting the requirements 
the 1923 N. E. L. A. Rules, is an acceptable installation. 
distribution systems are brought up to this standard we 
be able to lower still further the initial costs of motor 
tions, by broadening the present motor rules. 
l. R. Woodrow: Mr. Chase’s paper attacks the problem 
| the standpoint of the existing system and for a new layout he 
ement that the two-phase system is more costly than the 
-phase. 
I attacking a remodeling problem for a rapidly growing 
em, I should like first to see how we should develop the 
without limitations of existing equipment and. then 
mine how the new layout can be worked into the existing 
or the existing plant worked into the new system, for in a 
2-year period the existing equipment is only one-third of 
itions required. 
statement is made in the paper, “If there is any virtue in 
ber of phases surely it should compare favorably with 
phase.” It would seem to me that this should repre- 
| indirect function in place of a direct one, as the best 
if it gives the same economy, would be a single-wire 
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would, in many cases, more nearly represent the cost than the 
power carried per wire, as in the majority of cases the limitation 
is determined by the minimum size of wire which is practical 
from the mechanical strength standpoint. The four-phase, 
five-wire system has 3314 per cent more current-carrying wires 
per service than the three-phase, four-wire system. 

Referring to the tabulation under ‘‘Feeders’’ and the ecompari- 
son of the three-phase, 2300/3900-volt system with four- 
phase, the four-phase distribution is 40 per cent more expensive 
than the three-phase. In the ‘‘Mains” the annual cost of the 
four-phase, five-wire system is represented as 7 per cent greater 
than the three-phase, four-wire system and the transformers 
under the 2300-volt heading show an increase in cost of the four- 
phase, five-wire system as 4 per cent. In other words, the 
tabulation shows an advantage of from 5 to 10 per cent in annual 
cost for the three-phase, four-wire system in comparison to the 
four-phase, five-wire, which is in agreement with the general 
studies we have made. 4 

The only conclusion to which I can come from the study of the 
new system is that the central station is required to spend from 
4 to 10 per cent more for the four-phase, five-wire system than 
the three-phase, four-wire without increased economy, and that 
the customer is required to spend more money to take the service 
and have increased losses in his system. This condition would 
naturally produce a rapidly increasing demand for three-phase 
equipment with a reducing demand for two-phase, and therefore 
the complications of the two-phase system would become more 
and more involved each year. 

Although these factors favoring the three-phase, four-wire 
system may not in some eases justify the expense of changing 
over an existing plant, I do think these factors should be very 
carefully weighed before definitely perpetuating an inferior 
system. 

P. H. Adams: I think Mr. Woodrow overlooked the fact 
that Mr. Chase’s five-wire circuit is made up of two two-phase, 
three-wire circuits, using a common neutral. In his comparison 
of costs, he forgot the fact that each customer is connected as a 
two-phase, three-wire customer. 

I agree with Mr. Woodrow in his eriticism of the five-wire, 
two-phase system as a continuation of something that isinherently 
bad, and that we should tackle the problem of changing from 
two-phase, 2400 volts to a higher voltage by considering the 
existing system as something that will be comparatively small 
as contrasted with the system five or ten years hence. 

We had the same problem in New Jersey, and while our system 
is a four-wire, two-phase instead of a three-wire, two-phase, 
as the one with which Mr. Chase has dealt, when we made our 
change we chose the 4150-volt, three-phase, four-wire system. 
I think we were right in making this decision, as our system 
is growing rapidly and in five years we expect to have a system at 
least four or five times as large as that which existed when we 
started the change. 

L. T. Robinson: [ think there is another side that should 
not be overlooked to this question of distribution systems; that 
is, that systems and convenience in the arrangement of systems 
is not everything; you should do as much as you can to make it 
possible to employ standard apparatus and have conditions under 
which the apparatus must be used as uniform as possible. 


The question of lamp voltages, transformer ratios, the torque 
and heating of motors, their starting current and efficiency are 
all involved. While the idea that standard apparatus may be 
used on both the four-wire, three-phase, and five-wire, quarter- 
phase systems runs through the presentation and discussion, you 
must recognize the fact that to the difficulties always present due 
to the regulation of systems for voltage and frequency, there 
will be added the conditions of having to meet variable base 
voltages. 

Possibly the apparatus can be successfully made to cover the 
base-voltage range required as well as the variations found in 
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practise, but it will be more difficult for the designers, and I 
feel, to some extent,—I can’t say off-hand to what extent—it 
is going to make the apparatus more bulky and more expensive. 

H. Richter: Throughout the paper there are references indi- 
cating that the author intended his arguments to apply partic- 
ularly to areas that now have two-phase distribution, where a 
combined light and power secondary system is contemplated and 
it is necessary to solve the involved problem of choosing the type 
of system best suited to those particular areas. I wish to 
emphasize the importance of confining the meaning of the paper 
to such two-phase systems and of not considering it to apply to 
systems that are now three-phase or to entirely new distribution 
layouts which may be started in the future. 

In my estimation the paper refers almost exclusively to under- 
ground and overhead secondary network systems and not to 
purely radial systems. The idea of extensively using the com- 
bined light and power secondary system has been entertained 
seriously only since the advent of what might be called the latest 
type of underground a-c. low-voltage network; that is, where a 
number of primary feeders supply in common an interconnected 
secondary network. Isolated cases where the combined scheme 
has been tried out on typical radial systems are known but the 
majority of companies have kept away from it because, unless an 
excessive expenditure is made, there is likely to be winking of 
lights when motors are started and burnout of polyphase motors 
due to insufficient voltage. It should therefore be recognized 
that the paper applies only to network systems. The inclusion 
of overhead secondary systems in the analysis is sound,I believe, 
for the surprisingly rapid spread of the network idea indicates 
that in the future, ten to twenty years from now, practically all 
of the underground systems of the cities will not only be networked 
but a good portion of the overhead systems will also have net- 
works, possibly in a simpler form and using simpler apparatus. 

The comparison has been confirmed to the 115/199-volt three- 
phase system. I should like to forestall consideration of the 
110/190-volt and 125/216-volt, three-phase systems in the dis- 
cussion. Satisfactory operation of polyphase apparatus on 190 
volts would entail so great an expenditure, both in taking care 
of existing installations and development of new apparatus, that 
110/190 volts is practically out of the running. 125/216 volts 
is also more or less out of the picture, partly because 125 volts is 
not even a recognized exception as a lamp-standard, and partly 
due to the excessive burden that would be thrown on the industry 
as a whole by the necessity of developing new lines for the many 
types of apparatus now standardized at 115 volts or considered 
satisfactory for operation on 120 volts. The comparison of 
two-phase with three-phase should therefore be confined to 
115/199, or possibly 120/208 volts for the three-phase systems. 


Wherever low-voltage networks are being installed or planned 
the companies are figuring on employing three-phase for the 
primaries, either at potentials in the class below 5000 volts or at 
some such higher voltage as 13,200. Even the two companies 
that have indicated a leaning towards two-phase secondary 
distribution have expressed the intention of employing 13,200- 
volt, three-phase feeders for future growth. Consequently, we 
must keep in mind, as of five or ten years from now, only the 
comparison of the Scott connection with its attendant disad- 
vantages, for transformer banks serving two-phase as against the 
straight step-down for three-phase distribution. 

While it is true that in the past there has been a general 
tendency to avoid such high primary voltages as 13,200 for mis- 
cellaneous distribution in cities, it is also a fact that this is no 
longer the case. The change in sentiment has been brought 
about almost entirely by the ability to employ a simple system 
of distribution in which all primary protective and sectionalizing 
devices are eliminated, and the only protective apparatus on the 
distribution system is a low-voltage device of proved performance, 

_These remarks have been made in an endeavor to clarify the 
discussion and in that way, if possible, simplify the comparison. 


4 

of the various network propositions. As Mr. Robinson has s 
this is quite necessary for it is extremely important from 
standpoint of the manufacturers, customers and, indirectly, 
operating companies, that the latter get together without fur 
delay and standardize as far as possible on such a combined light 
and power scheme as can be used to the greatest advantage on t 5 
majority of systems introducing the least possible extra exp 
in the manufacture and stocking of different types of apparatt 

Even though the including of items for operation and mai 
nanee gaged over a period of ten years would probably ha 
increased the difference in favor of the three-phase secondary 
system Tables III and IV do not show a large economie ad. 
vantage for three-phase. Further, it is apparent that despi 
a weighing of all evidence of engineering and operating nature 
a balance shows in favor of three-phase, and also, this balance is 
not large. It is therefore admissible that if the standpoint of 
the operating company only is considered and the analysis is” 
confined to the usual period of ten years to come, the net advan- 
tage of three-phase over two-phase may not be great enough to 
outweigh the obvious benefits of having a uniform system of 
secondary distribution throughout a city. In connection with 
that which follows it should be borne in mind that the greater 
part of these benefits accrue from the attitude of the publie in — 
general. : 

Likewise, where a large number of two-phase motors now exist — 
in an area that it is proposed to network, it is evident that the — 
expense of changing them over to three-phase, or in all cases — 
providing auto-transformers for a three-phase to two-phase — 
transformation could probably not be counterbalanced even in — 
ten years by the small economic advantage of the three-phase. — 


However, it is conceivable that in this particular problem, an 
unusually broad point of view should be applied. The paper 
touches on the conditions that are tending to make two-phase — 
obsolete. Exact data in this regard are difficult to obtain. — 
There are but two large distribution systems and a few smaller 
ones still two-phase. The ratio of present investment in two- 
phase systems to that in all systems in the country may be gaged 
approximately by the fact that in 1923 only 6 per cent of all the 
polyphase motors sold by one prominent manufacturer were © 
two-phase. It does not require a stretch of the imagination to — 
foresee that within the next ten or twenty years this percentage ; 
is likely to decrease to even half its present value as the tendency 
for smaller companies operating two-phase to change to three-_ 
phase continues and as new systems in rapidly growing parts of — 
the country start up, using the present standard of three-phase. — 
With that reduced percentage of two-phase business it is natural — 
to expect that prices and deliveries of two-phase apparatus will 
be adversely affected. Thereupon, customers in two-phase areas - 
will set up a demand for three-phase service and this will have to 
be complied with by the operating companies. At the current 
rate of load inerease, in ten years there will be about four times as 
many motors on the two-phase systems as at present and in 
twenty years about sixteen times as many. The expense of 
changeover to three-phase at that time will be correspondingly — 
greater than at present. Even though measures may be taken to — 
postpone the changeover, these will of necessity have only a 
temporary effect. The greater the delay the worse will be the | 
situation when the change to three-phase finally takes place. 


Coming now to systems where three-phase already exists, 


_ enough has been said to prove that it is almost out of the question — 


to expect them to go to two-phase, five-wire secondaries. To 
review a few of the reasons, there is the great expense of changi 
three-phase motors to two-phase, replacing three-phase tran: 
former banks by Scott-connected banks, and pulling in a fift 
secondary service as well as sometimes in many places riser wire. 
Where ducts and service pipes are too small for the fifth wire, 
reconstruction would be necessary. ” 

Finally, there are the companies that will install networks in 
what might be termed virgin territory. The paper shows ce! 
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definite though small advantages for three-phase, four-wire 
two-phase, five-wire, such as in annual charges and first cost. 
majority of cities the cost of operation and maintenance of 
e two-phase system would be greater, due to the added mainte- 
of the fifth wire and five-wire protective equipment. 
are also the extra losses due to the Scott transformation 
phase. Three-phase motors and utilization devices are 
ard while two-phase apparatus is becoming obsolete.- In 
es of motors there is quite an appreciable difference in 
nance in favor of three-phase, assuming operation at rated 
Even though the advantages for each of these factors 
not individually, be great, when added together they point 
akably to the wisdom of making networks in all new dis- 
tion layouts three-phase. 


P. H. Chase: In some of the discussions on my paper there 
been a tendency to confuse what is common practise with 
which is good, and what is not common practise with that 
is bad. Though two-phase, secondary distribution is not 
common as three-phase, proper use of the fundamental dis- 
ution requirements as yard sticks certainly cannot lead to the 
jon expressed by two of the critics that the two-phase system 
it bad or inferior. 


It is interesting to note that advocates of ‘Three-Phase’’ 
by no means unanimous in their choice of which is best of the 
s types of three-phase systems. One type requires what 
supporter diplomatically calls ‘“‘certain rating compromises” 
it these may result in widespread changes to equipment, to 
rd lamp voltages or to motor ratings. Another type does 
afford load balance or balanced voltages to ground. Expen- 
re expedients, such as auto transformers and the like, are offered 
overcome these drawbacks in order to adhere to three-phase 
continue to render standard voltages to customers. 


E lost of the operating companies will continue to have the 
part of their secondary load neither two-phase nor three- 
but two-wire and three-wire, single-phase. In addition, 
number of customers supplied with single-phase as compared 
| those supplied with polyphase service will be greater than 
€ proportion of the actual single-phase and polyphase loads. 
system which penalizes single-phase customers is laboring 
a handicap. 

‘The flexibility and adaptability of the two-phase, five-wire 
n in handl’‘ng a combination of two-wire single-phase, 
e-wire single-phase, and two-phase loads, with superior 
jon and load and voltage balance, has not been success- 
challenged. These valuable advantages have been demon- 
rated by long experience but are difficult of expression in dollars. 


ie small percentage of two-phase motors does not tell the 
From early days there has been a general tendency to 
motors on separate secondaries (and often separate 
es) from lighting. Consequently, the motor voltage and 
mber of phases could be determined by considerations relating 
and affecting the motor alone. Lighting was two-wire and 
e-wire, single-phase, because of the utilization devices, 
metering and lower service costs, which conditions still 
The trend of generation and of transmission toward 
2-phase naturally directed motor development and primary 
‘secondary polyphase distribution along three-phase lines. 
ly, three-phase motors predominate but lighting has 
ned single-phase. 

recent years, the advent of a-c. secondary networks and the 
ges of combined light and power secondaries have 
t to the front a requirement which was originally unim- 
—that is, the flexible supply from the same secondary 
se mains of all types of load, at established standard 
. The three-phase system cannot meet this without 
re changes or doubtful compromises and such expedients 
wire, open-Y, or four-wire services and polyphase 
for residence lighting. The two-phase, five-wire system 
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now meets this need without change for both radial and network 
systems. 

Standard two-phase motors are neither obsolete nor penalized 
in price, as reference to motor price-books will show. The 
adoption of a new line of 199-volt, three-phase motors would be 
a greater deviation from the principle of standardization than the 
retention of the already established line of two-phase motors. 

Three-phase primary distribution can readily be utilized 
for supplying two-phase secondaries by the Scott connection of 
transformers which has been proven by years of operation and 
does not involve a deviation from standard voltages. The Scott 
connection deserves no more attention or criticism than many 
of the common modifications to “standard” transformers which 
are asked for and furnished almost as a matter of course. 


We must keep this matter of standardization in mind. 
Standardization refers particularly to voltage, frequency, capac- 
ity, speeds and types of equipment. On the two-phase, second- 
ary, five-wire system, apparatus, equipment and devices are used 
that are standard as to voltage, frequency, capacity and kind. 


From the standpoint of the operating man, the matter reduces 
down to whether he is giving adequate service at reasonable cost, 
by adhering to his existing secondary system, and whether— 
although there may be a slight theoretical differential in cost, if 
he were starting new—he is justified in paying the high cost 
of changeover from the existing system. It is universally ad- 
mitted that the cost of changeover is extremely high because of 
the cost of changeover of customers’ installations. If the 
theoretical saving, over a long period of years—say ten—does 
not pay for the cost of changeover, how can a change be justified? 

I referred particularly to 115 volts as the lamp voltage. 
The same relative situation applies to both two-phase and three- 
phase taking 120 volts instead of 115 volts. Even with 120/208 
volts, three-phase, I believe most operating engineers would feel 
apprehensive about giving 208 volts to motor customers where 
they are used to receiving 225 to 235 volts for 220-volt motors. 

Regarding “power per wire,” this comparison indicates the 
efficiency in using the capacity of the installed wires including 
the neutral, which as a matter of practise is comparable in size 
to the other conductors. One eritie states that the two-phase, 
five-wire system is only 80 per cent efficient. This is true as 
regards the utilization of the installed copper and on the same 
basis the three-phase, four-wire system is only 75 per cent efficient. 

As to the matter of voltage unbalance on three-phase secondary 
mains, with a wire spacing of 1414 in., I might say the unbalance 
is not much decreased even with a spacing of 414 in. such as ona 
bracket. That can be easily checked by calculation. Whether 
voltage unbalance is caused at the source or along the mains 
makes no difference in the effect. 

As I think the paper brought out, I favor the higher primary 
voltages. However, it is true that there has been in the past some 
distrust at any rate, on the part of the public and some engineers, 
of the higher primary voltages for distribution. 

Comparing systems on the basis of starting off new would be 
interesting, but hardly justifiable. But the words of the old 
adage still hold true:—“‘No matter where you are going, you 
must start from where you are.” That is the point from which 
my paper started. 

In the matter of relative costs of distribution systems and 
the relative savings in the light of growth, Tables No. III and IV 
were based, for the particular area under investigation, on a 
doubling of the present dense load. Whether doubling or quad- 
rupling of load is assumed, there must be taken into account one 
factor which seems very important—the increasing loads supplied 
to customers at primary voltage. As larger buildings are erected 
and the load grows, it does not necessarily follow, particularly in 
a congested area, that delivery of all the increased load will be 
at the same low voltage. Often delivery will be at primary volt- 
age, with the customer providing his own transformers and deci- 
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ding on the voltage and number of phases on his premises. The 
primary system will probably supply the medium and large cus- 
tomers and thus absorb a large percentage of the increased load, 
and the secondary system will supply the smaller customers. 

Reference has been made by two speakers to the two-phase 
system as being “inferior” or “inherently bad.” Is a system 
inferior or inherently bad unless it is either extravagant or 
inadequate with regard to service? The two-phase, -five-wire, 
secondary system is not a “proposed”’ system, but has been an 
actual reality for years. It has given adequate service sinee the 
inception of polyphase systems and still is giving economical 
service. It delivers standard voltages, and this cannot be said 
of some of the present and proposed three-phase systems. It 
employs standard apparatus. It affords maximum voltage and 
load balance in the system. Itis flexible in growth and ade- 
quately serves the customers’ conveniences. 

Therefore, my conclusions still are:—The two-phase, five- 
wire secondary system is adequate and economical, and has a 
recognized place in distribution practise not inferior to any 
other system. The two-phase, five-wire system as well as any 
other adequate and economical system, where once established 
should be continued unless another system presents greatly 
superior engineering and economic advantages. 


THE OIL-CIRCUIT-BREAKER SITUATION FROM AN 
OPERATOR’S VIEWPOINT! 
(STONE) 
Saratoea Sprines, N. Y., June 25, 1925 

W. S. Edsall: We feel that there is not a great deal in this 
paper that can be discussed by the manufacturers, because it is 
a paper primarily presenting the operators’ viewpoint. 

This showing of the various conditions of the grounding of 

the system and generator is going to help the general situation. 
The effect of grounding upon recovery voltage and the effect of 
recovery voltage upon the duty of an oil cireuit breaker have not 
been given the attention the subject merits by either the manu- 
facturer or the operator. The manufacturer has known that 
very severe duties are imposed upon the breaker under high 
recovery-voltage conditions. The operators in many cases have 
not known that the systems contained certain combinations of 
reactance and capacitance which would, under certain conditions, 
give high recovery voltages. : 
We feel it important that the recommendation of the Protect- 
ive Devices Committee regarding definitions for normal voltage, 
recovery voltage, normal current, ete., should be followed out.. 
The publication of such definitions will tend to call attention to 
the conditions that exist, and will lead to more accurate applica- 
tion of breakers to the system. 


Some European engineering associations have already made 
definitions that would distinguish between normal voltage and 
recovery voltage. 

O. K. Marti: Mr. Stone brings out in his paper that it would 
be highly essential, in the future designs of breakers, to have more 
data regarding four distinguished designs (see his _paper under 
IIT) since the opinion is greatly divided as to their value. I shall 
refer below to two designs which European engineers, at present, 
believe to be the right steps in the right direction, namely—to 
the application of multiple contacts in series and to the intro- 
duction of a resistance into the breaker circuit. 


Very little information has been actually published regarding 
the operation of breakers embodying the above designs. To 
my knowledge, there are only two references on the foregoing 
information, the first in a report to the Swiss Commission by 
Dr. B. Bauer? and the second in an article by Mr. G. Bruehlmann? 
in the Brown Boveri Review. Both articles are based upon 

1. A.I.E.E.Journat, Vol. XLIV, July 1925, page 756. 


2. Bulletin, Ass. Suisse des Electriciens, 1915. 
3. Brown Boveri Review, March, 1923, page 43. 
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elaborate tests which led to facts not suspected at the tian 
starting the investigations. 

In Fig. 1 herewith is shown an arrangement whereby a 
tective resistance may be introduced by means of mul 
contacts in series, and its effect realized from Fig. 2. An a 
are is extinguished at the moment the current passes throu 
zero if the recovery voltage does not increase high enough so 
an are ean be struck anew. Thus it may be noted from 
oscillograms taken at Section I of Fig. 1 and shown in Fig. 2 t 
the inerease of the voltage immediately after the are in Section 
extinguished, in case of introducing a protective resistance ( 
curve denoted by 4) was much more favorable than when n 


Protective Resistance for Breaker 


pe | 


Section If 


Section I 


Fie. 1—Diacram or ConNnECTION OF A BREAKER WITH PRO- 
TECTIVE RESISTANCE 


resistance was introduced (see dotted curve denoted by 7). The — 
advantage of the new design lies in the slow increase of the voltage 
due to the fact that it retards its recovery speed and thus gives 
the produced are gases time to cool. Furthermore,'there may be 
noted the very favorable influence of the recovery voltage im- 
mediately before the are extinguishes, having then the value of © 
the ignition voltage. Tests with breakers having various sizes — 
of protective resistances, in addition to many unexpected facts, — 
gave the following results: " 


Fig. 2—VoutTacr AND CURRENT WHEN A CrecuIT BREAKER 
Having Prorective RusistaNce 18 TRIPPED BY A SHORT- — 
Circuir as SHOWN IN SEcTION 1 ‘ 


Are Recovery Voltage 

Are Current ~ 

Are Extinction, Section 1 4 
Voltage Across Electrodes and Resistance 
Zero Line for Current in Are 

Current in Resistance 

Voltage Curve Without Resistance 
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The best interrupting conditions in any breaker cireuit are — 
obtained when a protective resistance eight or ten times the 
short-circuit impedance is introduced during the short circuit. 

The duration of the are decreased considerably, while the 
breaker duty, volume of are gases and the pressure of the yi 
decreased accordingly. It was actually found in y 
tests that the released energy in the are was less than 1/ 


roads on single-pole breakers rated 15,000 volts, 350 an 
revealed the fact that, in a single tank of less than 5.! 


over 100,000 ky-a. interrupting capacity could easily be 
by introducing in the breaker circuit a protective 
e with multiple-break arrangement. The protective 
ein the above breaker is an integral of the breaker and 
ad in the tank. The result of this test was the adoption 

breakers as standard designs by two state railways in 


. 3—ARRANGEMENT OF Biwics AND Para or CURRENT IN 
Case or Ten-Serres BREAKS 


‘The addition of a resistance to a breaker or to the system 
a power station should not be considered as a step in the 
g direction in breaker design, since similar steps are being 
, at the present time, along this line in protecting electric 
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design. Realizing that 100,000 volts require an arcing distance 
of over 70 in. the foregoing fact would be greatly appreciated in 
the design of high-voltage breakers. 

It might also be of interest to know that there have been 
investigations by a European company concerning a new contact 
device using two series coils so arranged as to form a compact 
piece of apparatus, which produces a powerful action with a 
minimum of space. The field produced by these coils closes the 
breaker against the forces which are especially severe at a short 
circuit just as easily as at normal load. The forces tending to 
part the contacts are due to the electrodynamie action and the 
gases produced between the contacts resulting from the current 
and the are. The magnitude of such forees and their influence 
upon the operation of the breaker and its control mechanism may 
be better realized after considering the following figures; by 
breaking a current of about 25,000 amperes and assuming that 
its maximum value including the asymmetrical component is 
about 50,000 amperes, the foregoing forees would be approxi- 
mately 400 lb. which have to be given due consideration in the 
design of breakers. 

The factors determining the duty of a breaker are tabulated 
under Table IV of Mr. Stone’s paper. It follows that the duty 
depends upon a great number of factors which require a very 
tedious and rather drawn-out procedure when given due con- 
sideration by selecting a breaker. It may be of interest, there-~ 
fore, to know that a table for ratings of circuit breakers has been 
published by the Swiss Commission of Oil Circuit Breakers* 
which may be considered as a first step to simplify the foregoing 
mentioned procedure. This table is shown as Table I herewith 


TABLE I 
ote IMPOSED ON ONE BREAKER POLE ON TWO- AND SINGLE-PHASE SHORT CIRCUITS COMPARED WITH DUTY ON 
THREE-PHASE SHORTS 


Short Circuit via 
transmission lines 
and transformers 


Short Circuit 
at generator terminals 
(without appreciable line impedance) 


Nature of Initial Short equals Initial Short Sustained Short 
Quantity Short Circuit sustained Short 
Three-phase 100% 100% 100% 
it interrupted.......... Two-phase . = X 100 = 87% abt. 100% abt, 115-150 % 
Single-phase 100% abt. 115% abt. 150-200 % 
‘Three-phase 100% 100 % 100% 
1 1 
[3 eee Two-phase ios xX 100 = 58% = —X 100 = 58% abt. 65- 85% 
Vv v 
100 a 100 - hey 
Single-phase ne = 67% Ls = 67% abt. 85-115% 
oO oO 
Three-phase 100% 100% 100% 
1 , 
Me CADACIEY. 666... Two-phase 50% Pes X~ 100 = 58% abt. 75-125% 
100 i 115 a a ee: 
Single-phase is = 67% Ca. 5 77% abt. 125-230 % 


as, for instanee, by the addition of reactors, a limita- 
e short-circuit current is obtained. 

natie arrangement of a multiple-contact breaker is 
. Fig. 3. The purpose of this design is mainly for the re- 
the produced are gases and the deposit of carbon, the 
sing loss of insulating strength of the oil during inter- 
By dividing up the arcing distance, less energy is released 
the gas is produced at several places throughout the 
», the latter is therefore, much more quickly cooled. 
the are ean be much more easily controlled and, there- 
al dielectric problems overcome without a complicated 


ble is based on the assumption that the impedance of the generators in each phase is smaller by about 15% on two-phase and single-phase 
compared with three-phase shorts, due to the magnetic interlinkage of the phases. 
e last column the first figure refers to low-speed generators, the second figure to turbo generators. 


and has already been adopted in various parts of Europe. 

A. H. Kehoe: Many of the large capacity cireuit breakers 
require extrapolation of published test data to establish their 
rating. This applies particularly to the restoring voltage after 
final rupture takes place. Future tests of cireuit breakers 
should be with restoring voltage at least equal to the system 
voltage on which the cireuit breaker is to be used, and for some 
situations double normal voltage should be used on the test 
cireuit in order to obtain correct performance data of the breaker, 


4. Bulletin No, 2 Ass. Suisse des Electriciens, 1925. 
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In several places the paper mentions contact resistance at the 
short-circuit as being one factor to be considered in selecting 
the size of breaker required. While it may be possible to ar- 
range a circuit so that faults will be in the form of ares; yet, 
short-Iengih ares have voltage drops in the order of 100 to 200 
volts for currents from 1000 to 15,000 amperes so that on high- 
voltage systems contact resistance is negligible. This fact is of 
importance in considering the destructive forces at a fault, 
particularly on high-voltage cable systems. Instead of in- 
creasing with the voltage, the destructive effect is quite the 
reverse, as high-voltage lines generally have a considerably lower 
value of short-circuit current than do the cirenits now commonly 
used. 


SS ee 


Shed Circuit Grreat, 26 500 imps, Wax. 18600 AmpsRMS. 


Wstielieais orton 


Nete: Current latberrupleds 
Foy cle (25~) Sher 
Come 
Fig. 4—Hics-Speep Om-Crrcuit-BreaAker Test, Att PosstBLE 
Loap 


J. B. MacNeill: On the second page of his paper Mr. Stone 
gives certain features of design which affect rupturing capacity 
and states that there exist differences of opinion regarding the 
merits of some of these features. The general use of certain of 
these features over a large range of voltage classes and interrupt- 
ing capacities necessarily results in the application in places 
where a given principle may not be used to its full advantage as 
well as in places where the principle may be particularly useful. 
For instance, the magnetic blowout effect referred to by Mr. 
Stone is of negligible importance on high-voltage breakers where 
the current to be interrupted is only a few thousand amperes. 
On the other hand the use of high-speed breaks on low-voltage 
breakers where the interrupting current is large, would be 
entirely superfluous. The best results ere obtained when the 
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Fie. 5—OscrtLoGRaM OF Or-CircviT Breaker Test OpEN- 
ING APPROXIMATELY 25,000 R. M. S. Amprres at 13,200 Votrts, 
25 CrcLes 


most effective principle for a particular range of cireuit breaker 
sizes and capacity is limited in its use to such sizes. 

It is generally known that the magnetic blowout effect of the 
current passing through the loop formed by the contacts and 
terminals of an ordinary moderate-voltage breaker has a tre- 
merdous affect on accelerating the are formed between the 
contacts. The length of the are thus formed -may be pretty 


“operation of the circuit breaker including the trip 


— mi 


illustration of what can be accomplished with magnet 
effects, Fig. 4 herewith shows an oscillogram of a s 
breaker opening a current of 18,000 r. m. s. amperes on 
phase grounded cireuit at 11,000 volts. The total 


CURRENT-AMPERES 


1 2 3 
CYCLES OF ARCING -(25~) 


Fic. 6—DvratTiIon oF ARCING aS OBTAINED FROM A’ 


or More THAN 200 O1t-Circurt-BrEAKER TEST Mag oe 


movement of the contacts and blowing out of the 
one-half cycle on 25 cycles. Fig. 5 shows an osci 


current of approximately 20,000 amperes and in which the tot 
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Fic. 8—CrrctrrBreaker Test 
Inasmuch as the time of arcing cannot be red 
half eycle provided the are starts at the beg 
wave, it can readily be seen that the addi 
breaks or other features of design in an attempt 
further, would simply be adding complicati6é 
structure. , 
The increased efficiency of the magnetic 
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ereasing currents is shown in Fig. 6 in which ordinates are 
r. im. s. currents and abscissas are cycles of arcing on a 13,200- 
volt, 25-eyele circuit. It is evident that the curve becomes 
asymptotic at one-half cyele. This curve represents the data 
from a large number of tests on several sizes of breakers and 
yarious oil conditions and illustrates the dependability and 
regularity of operation under these conditions of breakers using 
this principle. 

On the other band, for high-voltage breakers in which the 
magnetic blowout effect is inherently small, some device must be 
_ resorted to to prevent the building up between the contacts of a 
pillar of are gas which may result in an unnecessary long period 
of areing. For this purpose high-speed breaks are particularly 
useful. Anyone who has had the experience of opening an 


ordinary knife switch will realize the difference that high-speed . 


contacts make on are duration and the amount of burning on the 
contact parts. Fig. 7 shows the operation of an ordinary speed 
breaker at 44,000 volts on opening approximately 3000 amperes 
at 60 cycles. The are extends over several cycles which, of course, 
represents a certain amount of burning of contact parts and oil 
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= 10 inches of Break 
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} 
10 
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4 High Speed Contacts 
% 18 
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: - BREAK DISTANCE 
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and the generation of gas pressure in the breaker structure. In 
Fig. 8 is shown an oscillogram of a breaker with high-speed 
| Contacts opening approximately 4500 amperes at 44,000 volts 
60 eyeles and, therefore, the amount of arcing can be compared 
directly to that in Fig. 7. The total duration of arcing with the 
| high-speed contact is 2144 eycles on a 60-eycle circuit and con- 
sequently the amount of burning on the breaker contacts, the 
pressure generated in the tank, and the amount of oil burned up 
are reduced to a minimum. 

Fig. 9 shows curves of the relative speed of the arcing members 
of a breaker with ordinary breaks and of the same breaker 
equipped with high-speed contacts. These data were taken with 
oscillographs but represent mechanical action of the parts only. 
The time for a given break with high-speed contacts is approxi- 
mately one-third that required for the same displacement with 
ordinary break and this ratio holds closely over a large range of 
voltage classes. Reference to Figs. 7 and 8 indicates that the 

ratio of arcing period for the two constructions favors the high 
speed contacts more than does the comparison of mechanical 
speeds. i 

M. I. Pupin: In listening to the discussion on circuit 

breakers, I observed that there was one fundamental principle 


ees eee 
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which I think is never taken account of in the design of cireuit 
breakers. We always take note of the principle of conservation 
of energy. The energy,—that is, the electrical energy,—must be 
transformed into some other form of energy. That, of course, is 
correct. But when you do that, you go only half-way. There 
is another principle in the science of electricity which must be 
taken into account, and that is the principle of conservation of 
momentum. You must provide something which will take up 
the electromagnetic momentum accompanying, say, 50,000 or 
100,000 amperes, and this so far as I can see, is not so easy to do. 

Arnold Roth: Perhaps I may take up the question of the 
voltage. As I am acquainted with the work of the European 
committee mentioned in Mr. Stone’s report, I might tell you 
how we came to the conclusion to introduce the “recovery 
voltage” in the duty eyele and in the duty imposed on a cireuit 
breaker. 

For the time lag of our relays, we use one second and two 
seconds, and there are generating stations using four and five 
seconds. As generally known, there is a very big difference for 
generating stations between the value of the initial rush of short- 
circuit current and the sustained value. This difference is due 
to the decreasing of the field. But there is a second effect of this 
weakening of the field, that is the decreasing of the induced 
voltage. It takes place in quite the same relation as the decrease 
of current and I wonder that more attention has not been given 
to this fact. As a consequence of this effect, if you have a ratio 
of 4 to 1 between momentary and sustained short circuit, you 
might have almost the same relation between the induced voltage 
at the beginning and at the end of the short cireuit. The 
induced voltage during short circuit is identical with the re- 
covery voltage after rupturing the circuit. That is to say, in a 
15-kv. network, you would have at the end of a short circuit a 
voltage of only 3700. You have a relation between the sustained 


“and the momentary short-circuit kv-a. imposed on your breaker 


not of 1 to 4, as we used to calculate, but of 1 to 16. That is to 
say, if you eut the short circuit in four, or to 0.1 see. for this 
special case, you would have a difference from 1 to 16 that might 
be in one case 500,000 kv-a. for momentary tripping and in the 
other 30,000 ky-a. with time delay. You see a big difference, 
and it is absolutely necessary to introduce this relation in order 
to have a clear comparison between different tests and different 
kinds of breakers. 

I would not uphold our European practise to delay tripping 
as long as we do. I think we shall have to build breakers 
able to break the initial short cireuit. But even for ““momen- 
tary”’ breaking, if you analyze the short-circuit tests made, you 
will find it very difficult to have the whole voltage of your 
station as recovery voltage in the moment you are breaking your 
short circuit. That is to say, take a 100,000-volt network, you 
will always find that if, in the moment of the establishment of the 
short cireuit, the voltage has been 100,000 volts, you will have 
to break only about 85,000 volts if you don’t employ special 
apparatus to trip the breaker before the short cireuit occurs, as 
is the practise in artificial tests. 


One of the reasons of European operating companies for 
introducing long relay setting might be of some interest. These 
companies installed breakers for the caleulated short-circuit 
capacity when they built the generating stations; afterwards 
the short-circuit capacity grew and the breakers were no longer 
sufficient to break the short cireuits. Then the operators gave 
a very long time-setting to the relays in order to reduce the 
duty. They had really had some reserve for their breakers in the 
time setting of the relays. 


I shall not say that it is good practise, but it is a practise with 
which we have to calculate in Europe, and to make possible 
the calculation, we recently introduced the definition of the 
recovery voltage into our regulation. I would not dare to say 
that this manner of calculation has become general practise, 
but we hope it may. 
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I should like to ask you some questions. I have had op- 
portunity to see many of the leading engineers of this country 
and have been astonished to find how different are their opinions 
on the actual situation of the short-cireuit-breaker question. I 
have been in companies where they told me it was quite all right 
and that they had no difficulties at all. Then there were other 
networks where it was quite the opposite. Now if you calculate 
in a general way the short-cireuit capacity of the different 
networks and see the general conditions you would think they 
Of course, there must be some reason for this 
I think it would be a very interesting 


are the same. 
different behaviour. 
subject to investigate. 

Afiother question is that of secondary explosions. I have 
heard many times that one of the most important reasons for the 
blowing up of breakers is the secondary explosion. We used to 
make some tests on secondary explosions by exploding gas 
mixtures, and we found that it takes a relatively big spark to 
cause an explosion. If we only had on insulators those small 
sparks which we have as ‘‘static’”? or something like that, it 
would be quite impossible to ignite the gas. I understand that 
after a breaker has operated, there is a mixture of explosive gas 
in the tank of this breaker, but I can’t understand how you get 
the ignition. I should be very much interested if it could be 
explained. 

Perhaps it would be interesting to do some work on the 
voltage drop in the ares of short cireuits. We made a test with 
two parallel iron tubes as electrodes and a copper wire acting as 
fuse with some 90,000-kv-a., short-cirecuit' capacity behind 
8000 volts induced voltage. We found about the same values of 
drop in the are you had here of 2 to 3 per cent, but this was true 
only for the first ten or twenty cycles, and afterwards the length 
of the are grew and the voltage drop became quite considerable 


compared to the induced voltage of the circuit, so an influence , 


of the are resistance on the value of the short-circuit current and 
consequently on the duty imposed on the breaker is possible if the 
tripping of the breaker occurs in the moment the are has a great 
length. The influence was so great thatin some cases the are was 
extinguished without operation of the breaker. It took the form 
of a horseshoe growing bigger and bigger, up toa diameter of 15 to 
20 ft. and then extinguishing. 

O. R. Shurig (by letter): The following discussion refers 
particularly to the subject of secondary gas explosions. <Ac- 
cording to Dr. Roth’s discussion, data obtained in Europe 
appear to show that secondary explosions are less likely to oceur 
than American experience has indicated. It is, therefore, the 
object of this discussion to present some data obtained in this 
country on the subject of secondary gas explosions. 


Secondary explosions in oil-cireuit breakers take place when 
properly proportioned mixtures of air and gases of decomposition 
from the oil are ignited. Hence the necessary requirements for 
secondary explosions are: 


1. A combustible gas (or vapor). 
2. ‘The presence of oxygen (as, for instance, in air), 


3. The proportions of gas and air must be within the explo- 
sions limits, and 
‘4. A source of high temperature, such as a flame; an are, 
or high-temperature gases. ; 
Tests have shown that the conditions for secondary explosions 


are likely to be met in oil-cireuit breakers unless preventives are 
applied. 


It is well known that the gases evolved during circuit 
interruption in oil are combustible and eapable of explosion 
when suitably mixed with air. The analysis of the gases dis- 
charged by an are between brass electrodes under oil (a commonly 
used mineral switch oil) showed a hydrogen content of the order 
of 60 per cent by volume at room temperature. Other explosive 
gases such as methane and ethylene are also present. 

An inyestigation conducted at Schenectady in 1920 and 1921 


DISCUSSION AT ANNUAL CONVENTION 


to determine the proportions of gas and air required ean 
plosive mixtures showed that mixtures containing 5 per cent 9 
or more up to 50 per cent are explosive, while mixtures 
within this range of proportions are not explosive. : a 
The maximum pressures of explosion were eight times as | 
as the initial pressures, all pressures being measured in ab 
units, in tests made with initial pressures ranging from a 
pherie to 40 lb. per sq. in. absolute (7. e., from 0 to 25 Ib. pe 
in. gage). In other words, the maximum pressures of exp lo 
for mixtures of circuit-breaker gases and air are, roughly, 
lb. per sq. in. gage for a mixture initially at atmospheric press 
and 300 lb. per sq. in. gage for a mixture initially at 25 lb. per 
in. gage pressure. Mixtures containing, roughly, 20 per e¢ 
oil-cireuit-breaker gases and 80 per cent air (by volume) g 
the highest pressures above indicated. 


In regard to the ignition of the gases, investigations have sho 
that high-pressure secondary explosions are brought about r 
only by an igniting are, (either the main circuit breaker are 
some other are reaching the explosive gas mixture), but 
by hot gases rising out of the oil and mixing with the air in the 
air space, ¢. e., in the absence of an igniting are. Thus secondary 
gas explosions are within common possibility unless suitable 
preventives are applied (to effect cooling of the rising gases, 
proper confinement of the are, or elimination of sparks or ares in 
the air space). ? 

In addition to special investigations on this subjeet, the oc- 
currence of secondary gas explosions from each of the causes 
stated above has been observed on numerous occasions during 
oil-cireuit-breaker tests when the breakers were over-loaded 
beyond their rupturing capacity or when means for preventing | 
secondary explosions were omitted. 

E. C. Stone: I shall refer the question of ‘coe explo- 
sion to the circuit-breaker designers. 

With reference to the cireuit-breaker situation in transmission — 
net works, present operating conditions probably depend on 
whether the circuit breakers at the present time are subjected to 
less or more than the duties which they can stand. In some — 
cases over-capacity breakers may have been originally in- 
stalled, or the growth may have been slow, while in other 
cases the breakers, when installed, may have had little factor 
of safety and systems may have grown very materially 
since. | 

I was very much interested in Doctor Roth’s statement as — 
to how the consideration of recovery voltage came about in 
Europe. In this country, two seconds is about the highest relay — 
setting used. This limit has probably been set by the possible 
physical damage to equipment and disturbances to motor — 
service. It seems to me that if we allowed five seconds duration 
of short cireuit on our systems as they are operated in this 
country, we would get into. all kinds of trouble, both with our — 
executives and with our customers. { 

The recovery-voltage proposition came to my attention 
through a comparison of tests made on circuit breakers of the 
order of 500,000 kv-a. interrupting capacity on systems with — 
dead-grounded neutral with those tested on systems where the 
neutral was grounded through fairly high resistance. A study 
of the oscillograms from the two systems brought out very — 
clearly the difference in the recovery voltage under the two : 
different conditions as to neutral grounding, 

It seems to me very important, at the present time, that we 
should give very serious consideration to “recovery voltage.” 4 
The fact that along the ‘‘decrement” curve the recovery voltage _ 
decreases as well as the current is another reason why Tecovery 
voltage should be given more serious consideration. 


7 
¥ i’ Sr 


5. For the present purpose, the term explosive is defined as capable of 
rapid combustion in a manner creating a material pressure rise. ‘The | 
maximum velocity of flame propagation was found to be of the order of © 
30 ft. per sec. as indicated by the experimentally observed time interval 
between the beginning of the ignition are and the OCCUIreRge of the maxi- 
mum pressure, Fis f 
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In this discussion the question of rebuilding existing systems 
has comeup. Insucha matter economies plays a very important 
_ part. We cannot afford to spend a very large amount of money 
_ for a benefit from which dividends will not be derived for a good 
many years in the future. On the contrary, we must see an 
_ almost immediate dividend on all money that is to be spent. The 
“fixed charges”’ saved in a step-by-step development will often be 
many times more than the inereased cost of such step 
_ development. 


There was an expression of difference of opinion between 
Mr. Kehoe and Doctor Roth, with reference to the voltage at the 
areinafault. Iam inclined to think that both were right. Mr. 

referred particularly to underground systems where the 
are is confined within close limits, while Doctor Roth referred to 
overhead systems where there is ample opportunity, particularly 
with a slight wind, for the are to spread. Our experience on the 
system with which I am connected indicates quite clearly that 
the duty on oil circuit breakers on overhead systems is less than 
the duty on underground systems, where the theoretical maxi- 
mum short-circuit current is the same in both eases. Perhaps the 
behavior of the are as the breaker opens is one of the factors. 
Short circuits may occur on pole lines, as well as in cables, by 
failure of two insulators simultaneously, but in this ease, if a 
wooden crossarm is used there is considerable resistance in the 

- short circuit. 


One of our men recently reported a failure from lightning 
on a 66,000-volt line which was rather interesting. He saw the 
flash start at the insulator on a tower, spread to an are between 
wires, which were about 7 ft. apart, and travel down the span for 
probably 15 ft. or more, after which the are broke. It was, 
however, immediately reestablished at the insulator and the same 
action occurred again. This was repeated several times until the 
opening of circuit breakers cleared the line. If the circuit breaker 
had opened at the moment the are was broken its duty would 
_have been, of course, light. This illustrates the possibilities that 
_ are to be found on overhead systems where an unstable are is 
— involved. 
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A CORRECTION 


To the Editor: 

It has been called to may attention that the date of 
my Birmingham paper was given as February 16, 1925 
in my discussion as printed in the September issue of the 
JOURNAL, instead of February 16, 1924. I regret to 
_ state that the mistake was made in my office, as this 
date is of considerable importance as a matter of record. 


H. WEICHSEL. 


; ELECTRICITY RECLAIMS NEW ENGLAND 
FARM LAND 


_ At Turners Falls, Mass., on a tract of high, sandy 
_ land considered “worked out” and abandoned for 
farming long ago, the local electric service company has 
for several years past been conducting a model elec- 
trically irrigated farm. Now approximately 20 acres 
_ are under cultivation and produce an income of from 
_ $400 to $500 an acre. Water for this irrigation is 
® oo from the Connecticut River, 175 feet below 
: level of the farm, by electrically run irrigation 
; ie Not only is this farm producing garden 
7 k” but also high grade leaf tobacco and small 
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By Lighting and [lumination Committee 
NEW POSSIBILITIES FOR THE PHOTOELECTRIC CELL 


In the past the photoelectric cell has been adapted to 
photometry with varying degrees of success, but in 
almost every instance the apparatus required in such an 
adaptation has been too sensitive in its operation 
to make it readily usable in the commercial laboratory 
where speed and ease of operation are as important as 
accuracy, but this new method of photoelectric photom- 
etry bids fair to become widely used in the photometric 
laboratory. In the adaptation of the photoelectric cell 
to the commercial laboratory there are several dif- 
ficulties to be overcome. The first of these concerns the 
fact that no form of photoelectric cell yet produced has 
the same color-sensitivity curve as the eye. Therefore, 
of two lights of different color which the eye might 
evaluate as being of equal intensity, the cell would show 
the whiter light to be of the higher intensity. This 
difficulty is almost entirely eliminated through a com- 
parison between two lamps of the same color. 

Another difficulty is that the resistance of the cell 
is so high that it allows only a very small photoelectric 
current to pass through; hence, the resistance variation 
due to the light falling upon it will cause a correspond- 
ingly small variation in the potential drop across the 
cell. This change is so small that some means of ampli- 
fication may be essential if the variation is to be of 
any practical value. The method of the three elec- 
trode tube was chosen as the most effective amplifier 
since the minute changes in the potential drop across 
the cell can be used toaffect the grid circuit of a suitable 
amplifying tube so that an easily measurable variation 
of the plate current will result. 

No matter what kind of a photometer is finally 
decided upon, it must meet the following requirements 
if it is to be of any practical value: 

1. The indications must not be influenced within 
certain limits by the variation of the color of the lamps 
photometered. See method herein described. 

2. Simplicity of operation comparable with other 
photometers. 

3. Giving results which may be read directly from 
scale without computations and readjustments. 

4, It must not involve the use of a highly sensitive 
galvanometer or electrometer. 

5. Any electrical instrument employed must be 
easy of adjustment and maintenance. 

6. It must not be sensitive to vibration. 

7. With a stable zero. 

8. Quick of operation. 

9. With short period and critically damped. 

The practical use of the photometer must not require 
any manipulation which non-technical operators cannot 
readily learn to make with certainty and speed. Messrs. 
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Clayton and Sharp! have experimented with the use of 
the photoelectric cell in the photometric laboratory and 
have found it possible to make a suitable comparison 
hetween a standard lamp and the lamp to be tested, by 
replacing the ocular photometer plus the eye, by a 
photoelectric outfit and then by using the cell to 
determine a condition of photoelectric balance. The 
procedure by this method is entirely analogous to that 
used in ocular photometry, namely, starting out with a 
standard lamp, the position of the movable comparison 
lamp-is adjusted so that its effect on the photoelectric 


2-45 
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cell is the same as that of the standard lamp. Then 
the photometer seale reads the value of the standard 
lamp. ‘The lamps to be measured are then substituted 
one after another, for the standard lamp. The indica- 
tion of the apparatus is reduced to zero for each lamp by 
moving the comparison lamp. On the seale is then 
read the values of the lamp tested. 

It is clear that if the measurement on each lamp 
reduces itself to establishing a zero indication of the 
electrical instrument, so that no galvanometer de- 
flections have to be observed, the result becomes, within 
limits, independent of the character of the response 
curve of the photoelectric arrangement and independent 
of its sensitivity. The set-up for this means of com- 
paring the standard lamp with the one to be measured 
is shown in Vig. 1. The position of the mirror M 
determines whether the cell will be affected by the light 
from the standard lamp or the lamp to be tested. 

A more easily operated photoelectric photometer is 
shown in Iig, 2. Here the manually-operated mirror of 
Nig. 1 is replaced by a motor-driven disk upon which are 
two quadrant mirrors, located opposite each other. 

1. “A Practical Form of Photooloctrig Photometer’: 
prosontod at the Annual Convention of the 1. 1. 8., Detroit, 


Mich., Sopt, 15-18, 1925, by Mosara. Sharp & Kinsley of the 
Mlootrical Toating Laborator! ios, Now York City, 


~a paper 
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Thus, as the disk revolves, the standard lamp and 
test lamp are exposed alternately to the cell. 
rotation of the disk thus produces a rapid succession 
variations of current which give rise to an e. m. f. in th 
secondary of the transformer T’,, which is in one directio 
while the plate current is increasing, and in the oppos 
direction while the current is decreasing. A commuta-— 
tor, C, is carried on the shaft of the revolving mirror and 
the galvanometer is connected through this commutator 
in such a way that if the light from the standard lamp is 
the greater, the galvanometer deflects in one direction — 
while if the light from the test lamp is the stronger the - 
deflection is in the opposite direction. If the lights are” 
equal in intensity no deflection takes place. This — 
method has the great advantage that with the direct 
current in the plate circuit eliminated the galvanometer — 
has the same zero, no matter what the value of the plate 
current may be. Hence, the adjustment of resistances — 
to bring the galvanometer back to zero falls out entirely 
and any ordinary variations of the plate current, or the — 
filament current, of the amplifier have no influence on — 
the result. 

Regular ysis operators who know nothing 


———— LL 
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about photoelectric cells have had no trouble in very 
quickly learning how to operate this apparatus and the 
results obtained compare favorably with those secured 
with ocular photometers. The actual operation of the — 
apparatus consists in merely moving the comparison — 
lamp until there is no deflection of the galvanometer, — 
and then reading the value of the lamp directly from : 
the scale. roe 

The galvanometer is critically damped so thay: the 
pointer does not vibrate excessively with the of 
the commutator, but rather it maintains a more or less q 
steady position according to the relative iibgpaiics 
of the two lamps. 
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G: A. 1. E. E. Directors’ Meeting 


- The regular meeting of the Board of Directors of the American 
nstitute of Electrical Engineers was held at Institute head- 
- quarters, New York, on Wednesday, October 14, 1925. 

‘There were present: President M. I. Pupin, New York; Vice- 
sidents L. F. Morehouse, New York; W. E. Mitchell, Birming- 
W.P. Dobson, Toronto; Managers H. M. Hobart, Schenec- 
; G. L. Knight, Brooklyn, N. Y.; M. W. McConahey, 


; National Treasurer George A. Hamilton, Elizabeth, N. J., 
National Secretary F. L. Hutchinson, New York. 
The minutes of the meeting of the Directors held August 6, 
, were approved as previously circulated. 
_ Areport of a meeting of the Board of Examiners held October 
25, was presented and the actions taken at that meeting were 
proved. Upon the recommendation of the Board of Examin- 
, the following actions were taken on pending applications: 
3 Students were ordered enrolled; 102 applicants were elected 
the grade of Associate; 6 applicants were elected to the grade 
ber; 3 applicants were transferred to the grade of Member; 
licants were transferred to the grade of Fellow. 
¢ Board ratified the approval by the Finance Committee 
‘payment of monthly bills amounting to $31,627.06, which 
ded payment to the Sections of one-half of their appro- 
ms for the year. 

budget for the appropriation year beginning October 1, 
was submitted by the Finance Committee and, after con- 
tion, approved. 
e Secretary presented a list of members delinquent in the 
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ron, Pa.; E. B. Merriam, Schenectay; H. A. Kidder, New, 
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payment of dues for the fiscal year ending April 30, 1925, con- 
sisting of five Fellows, 64 Members, and 822 Associates, and was 
authorized to remove from the membership list on November 1, 
1925, the names of all those whose dues remain unpaid at that 
time and who have not indicated a desire to continue membership 
requesting an extension of time for payment of the dues. 

Upon the recommendation of the Committee on Coordination 
of Institute Activities, the following schedules of meetings were 
adopted: Midwinter Convention, New York, week beginning 
Feburary 8, 1926 (previously approved); Annual Business Meet- 
ing, New York, May 21, 1926; Annual Convention, probably 
June 21-25, 1926, at a place to be decided upon by the Com- 
mittee on Coordination of Institute Activities; Pacifie Coast 
Convention, Salt Lake City, Utah, at a date to be decided later; 
Regional Meeting, Middle Eastern District, Cleveland, Ohio, 
March 18-19, 1926; Regional Meeting, North Eastern District, 
Niagara Falls, latter part of May or early in June 1926. 

Upon presentation of a petition in proper form, authorization 
was given for the organization of a Saskatchewan Section of the 
Institute. 

The Board authorized the establishment of a Student Branch 
of the Institute at the University of Wyoming, this having been 
previously recommended by the Committee on StudentBranches. 

A request for authority to organize a Student Branch at 
Worcester Polytechnic Institute was referred to the Committee 
on Student Branches with power. 

In accordance with Section 21 of the By-laws, consideration 
was given to the selection of five members of the Board to serve 
on the National Nominating Committee. The following were 
selected: L. F. Morehouse, New York; Harold B. Smith, Wor- 
cester, Mass.; M. M. Fowler, Chicago; E. B. Merriam, Schenec- 
tady; A. G. Pierce, Cleveland. 

Resolutions were adopted providing methods for the sileotiin 
of alternates on the National Nominating Committee, alternates 
for the Board members on the committee to be appointed by the 
Executive Committee of the Institute, and alternates for the 
representatives of the Geographical Districts to be officially 
designated by the executive committees of the Geographical 
Districts. It was also ruled that in case any Board member on 
the committee is also appointed as a representative of a Geo- 
graphical District, the latter selection will stand and a vacancy 
will automatically occur in the Board’s representation, to be 
filled by the Executive Committee of the Institute. 

The following revisions of the Institute By-laws were adopted: 

Section 21—second paragraph. Addition of the clause under- 
lined below: 

“During September of each year the Secretary of the 
National Nominating Committee shall notify the chairman 
of the Executive Committee of each Geographical District 
in which there is or will be during the year a vacancy in the 
office of Vice-President, that by November 15th of that 
year a nomination for a Vice-President from the District, 
made by the District Executive Committee, must be in the 
hands of the Secretary of the National Nominating 
Committee.”” 

(Reason: The terms of only one-half of the Vice-Presidents 
expire each year.) 

Section 30. Addition of the clause underlined below: 

“To facilitate cooperation between the Sections there 
shall be an Executive Committee in each Geographical 
District, composed of the Vice-President representing the 
District on the Board of Directors, a District Secretary to be 
appointed by the Vice-President, and the Chairman and 
Secretaries of the Sections within the District.” 

(In accordance with the decision of the Directors at the 
August 1925 meeting) 

The following appointments were made in connection with the 
American Engineering Standards Committee: Mr. C. E. Skinner 
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was appointed to succeed himself asan Institute representative for 
the three-year term beginning January 1, 1926; Mr ie Tt. 
Robinson was Ry Sees as an alternate representative for the 
and Mr. H. S. Osborne was nominated for appoint- 
the Exeeutive C iuataition of the A. E. S. C. for the year 


year ne 26; 


1926. 
Other matters of importance were diseussed, reference to which 
nay be found in this and future issues of the JoURNAL. 


Meeting of the New Y ork - Electrical Society 


TI he meeting of the New York Electrical Society for November 

ibe of unusual interest. It will be the first public demonstra- 
f the new Orthophonie Talking Machines and Electrically 
This 


Cu cords by the Vietor Talking Machine Company. 
la ievelopment in the reproduction of sound is almost 
S n the progress it represents. At the private demon- 
st ecently described in the daily press some of the greatest 
ists in the musical world have been unstinted in their praise 
the demonstration, J. P. Maxfield, of the Bell 
:, Ine., will deliver a talk on the technique of sound 
> will be held in the Auditorium, Engineering 
S g, 29 W est ¢ 39th St., New York on Wednesday 
No 1925 at S P. M. All interested are invited to 


Fourth National Radio Conference 
Fourth National Radio Conference will meet at Washing- 
t 10:00 o’elock on the morning of November 9th, 
e purpose of discussing and making recommendations 
atters of general radio interest, and it is particularly 
re of Secretary Hoover that the listening public be repre- 
i his meeting in order that difficulties which listeners 
inter may be made known with an expression of ideas 
the promulgation of betterment of such conditions. 
representation of the Conference will include 
tations, radio magazines and newspaper radio 
nanufacturers of complete radio receiving sets, 
of broadcast listeners, amateur organizations, 
snd radio stations, radio trade associations, United 
Government Departments, with special representation 
i the Institute of Radio Engineers, and American Insti- 
lectrieal Engineers, the American Steamship Owners 
he United States Shipping Board, Farm organiza- 
National Eleetriec Light Association. 
> Conference will to a greater extent give consideration 
n to radio activities generally, specific time and 
be to problems affecting broadcasting. 


Annual Meeting of Mechanical Engineers 
The prelimimary program of the Forty-sixth Anita Meeting 
of The Ameriean Society of Mechanical Engineers November 
30th through December 4th holds high promise of profit and 
pleasure to those in attendance. About forty-five technical 
papers will be presented, and one special feature of the meeting 
will be the conferring of Honorary Membership in the Society 
mm Honorable Herbert Hoover and Past President Worcester 
rer This event will oeeur on the evening of Tuesday, 
ember ist, just preceding the Presidential address of Doctor 
Wiliam F. Durand. An innovation at the meeting will be the 
delivery of the first Henry R. Towne and Robert Henry Thurston 
Lectures. The Towne lecture will deal with the relation of 
Engineering to Economies while the Thurston lecture will be on 
em Hace t of Engineering and Seience. At the Annual Dinner, 
esday evening, December 2d. the speaker will be one of the 
pra statesmen of the country. Thursday evening will be 
given over to a National Defense Session, when industrial 
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* for his paper, “The Corona Voltmeter and the ae 


the national program for industrial ee 
a eas, j 

Appointment of Special Comraieel 
Aviation ; 

Although civil aviation study shows. progress, : 
Coolidge’s Aerial Survey Board gives further testimony 
importance and timeliness of the study of aviation 
conducted jointly by a Committee of the American BE 
Council and the Department of Commerce. Of the 
who met with the President on Thursday, October 18th, 
neers were outstanding in prominence—Doetor W: 
Durand of Stanford University, president of The 
Society of Mechanical Engineers, member of the — 
Advisory Committee on Aeronautics and American En 


men work asked, with others, to the White a 
purpose of making detailed study of the best ways and 
developing and applying aireraft. Doctor Durand, at 
Morrow the chairman, with Arthur O. Dennison | 
vice-chairman. 


Doctor Whitehead Receives Monte 
Medal Award 


Doctor J. B. Whitehead, Professor of Electrical F 
and Dean of the Faculty of Engineering at Johns 
University, has been awarded the triennial prize of the Fonda 
George Montefiore of Liege, Belgium, for the year ae 
the best original work contributing to scientific adva 


for ise series of papers entitled, eee ve I ae 
Insulation. The amount of the prize this year is 4 
This is the second time it has been awarded to Doetor W 
the first award having been made i in 1922. f 


whose name it bears, for the encouragement of aclentifad 
tion in the direction of technical application of elect 
administered through the Association des Ingenieurs 


headquarters at Rue Saint Gilles, 31, Liege, Belew 
The awarding of the prize is in the hands of 


from other countries, acting under the President of | 
Electrotechnique Montefiore, M. M. Omer de Bast. | 
The Montefiore prize was awarded Doctor White 


The following letter is addressed by the American 
ical Society to leading members of the electrics 
profession. 

To whom it may concern: 

Every Engineer knows the extent to whieh the 
of his profession is based upon mathematies. ‘'Hea 
the fact that progress in engineering is becomi: 
bound up with progress in mathematical ee 
fore reasonable to assume that he will be ely 


of that science. 

The American Mathematical Society is an « -g 
voted solely to the advancement of mathema: 
ship includes all the leading ‘mathematicians of tt 
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'¢ are the publication of mathematical journals, and the holding 
_ of numerous meetings for the stimulation of scientific discussion 
and of acquaintance among its members. 

In order to maintain its activities, and to increase their scope 
and usefulness, it has seemed to the Council of the Society highly 
7 desirable to extend its membership, particularly among technical 
- men. > 

The Council believes it is justified in appealing to you on the 
following grounds: 

__ Beeause the monthly Bulletin of the Society will keep you in 
_ touch with the present day developments in Mathematics; 
Because membership in the Society carries with it the prestige 
of an important scientific body; 

Because through the membership of technical men, the stimu- 
lating effects on mathematics of technical problems, and the 
usefulness of mathematics to the technical arts, can be greatly 
enhanced; 

Because the establishment of a journal devoted solely to 
Applied Mathematics, now a desire of the Society, will, with an 
4 inereased membership among technical men, become both a 
possibility and a necessity; 

Because an effective National Mathematical Society means an 
increasing number of mathematical works and articles in English, 
and hence a diminishing dependence of American technicians 
_ upon works in foreign languages ;— 
4 In short, the Council believes that because you are interested 
in the present and future of American Engineering, and in the 
effectiveness and prestige of American Mathematical Science, 
you will be glad to contribute to the Society at least the support 
of your membership. 


‘> 
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E A. I. E. E. Standards 

; SECTION 30—WIRES AND CABLES NOW AVAILABLE 
Since the publication on page 1161 of the October Journan 

of the list of sections of the revised A. I. E. KE. Standards ‘‘Avail- 

able” and “‘In preparation,” Section 30 on ‘‘Wires and Cables” 

has become available. Price, 40 cents. Members of the 

A. 1. E. E. are entitled to 50 per cent discount. 


| New York Past Section Meeting 


The first meeting of the New York Section for the administra- 
_ tive year 1925-26 was held on Friday evening, October 23, 1925, 
_ at the Engineering Societies Building with an attendance of about 
_ 200. Two papers were presented as follows: hree-Phase 
_ 60,000-Kv-a. Turbo Alternators for Gennevilliers by C. Roth, 
Chief Electrical Engineer, Société-Alsacianne de Constructions 
| Mecaniques, Belfort, France and Hydrogen as a Cooling Medium 
for Electrical Machinery by E. Knowlton, C. W. Rice and C. H. 
Freiburghouse all of the General Eleetric Co. In the absence of 
Chairman Kidder, L. F. Morehouse, Vice President of the New 
York District presided. Following the presentation of each of 
the papers a very full discussion took place, participated in by 
engineers of prominence in both the design and operating fields. 
Among these were Messrs. C. J. Fechheimer, ©. M. Laffoon, 
W. F. Dawson, L. B. Bonnett, Philip Torchio, Dr. Punga. 
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National Electrical Code 
y The 1925 Kdition of the National Electrical Code has now been 
released by the National Board of Fire Underwriters. The 
_ actual date when it supersedes the 1923 Edition in the review of 
electric wiring can be determined by inquiry of the authority 
by whom inspections are made in each respective locality. 
: The electrical committee of the National Fire Protection 
, Association will meet in February 1926 to consider proposed 
_ amendments to the 1925 Edition of the Code in accordance with 
the program announced when the committee was so enlarged that 
qualified as a section under the procedure of the American 
Engineering Standards Committee. 
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Recommendations for additions or changes may be received 
to be routed to appropriate Article Committees for consideration 
and report at the February meeting. The need for a 1926 
Edition of the Code, or a supplement to the 1925 issue, will be 
determined at this February meeting. 


Fourth National Exposition of Power and 


Mechanical Engineers 

The ‘‘Power Show’’ which is now being held at Grand Central 
Palace under the auspices of the Fourth National Exposition of 
Power and Mechanical Engineering is presenting an unusually 
large quota of new devices and apparatus in the power plant 
field. One of the special features of the Exposition is a series of 
lectures on the important and outstanding developments in 
power and mechanical equipment during the past year, with 
motion pictures illustrative of engineering achievement. 


French Executives and Engineers Visit 
A. I. E. E. Headquarters 


A delegation of seventeen French executives and engineers 
arrived in New York, September 30th under the direction of the 
Compagnie Francaise Thomson-Houston. A six weeks investi- 
gation of American. power-plant practise and illuminating engi- 
neering is planned. On Saturday, October 3, the delegates 
visited the Engineering Societies Building, New York, where 
they were taken to N. E. L. A. headquarters and thence to visit 
the rooms of the A. I. E. FE. Past-President C. O. Mailloux 
delivered an interesting address to them in French regarding 
the organization and work of the Institute and its relation to the 
electrical industries of the country. 

The itinerary of the delegation includes visits to places of 
engineering interest in the principal cities of the United States 
and extends to the Pacific Coast. On November 7th, the foreign 
engineers leave New York for home. 

The delegation includes the following: Albert Petsche, Presi- 
dent, Lyons Water and Light Co., Paul Eschwege, Vice President 
International Assoc. of Producers & Distributors of Elec., Albert 
Mercier, President, French Petroleum Company; Auguste 
Boissonnas, Managing Director, General Pr. & Lt. Co., Albert 
Malle, President, Electricity Co. of Strasburg; Kmile Pinson, 
Associate Gen. Mgr., Compagnie Générale d’ Hlectricité; Maurice 
Saurel, Vice President Iberican Electric Construction Co.; 
Edouard Imbs, President, Society for Development of [lumi- 
nation; J. A. Arrighi de Casanova, Chief Engineer, Union 
d’Electricité; Paul Neumier, General Manager, Union d’Elec- 
tricité; Edmond Aubert, Managing Director, West Sector 
Lighting Co.; René Hochstetter, General Manager, Société 
Alsacienne de Constructions Mecaniques; Edouard Roth, Chief 
Electrical Engineer, Société Alsacienne de Constructions Mecan- 
iques; Robert de Valbreuze, President, Wireless Society; Jean 
Partridge, Lighting Engineer, City of Paris; L.J.Sartre, Lecturer, 
University of Paris; Louis-Astier, Chief Engineer, Design Dept., 
COP 2D: 


National Research Council 
HIGHWAY RESEARCH BOND 

The fifth Annual Meeting of the Highway Research Board 
will be held in Washington, D. C., December 3-4, 1925. The 
program as announced by Charles M. Upham, Director of the 
Board, features the reports of the Research Committees as well 
as the final and progress reports to be received from the special 
investigations now being conducted under the auspices of the 
Board, covering latest developments in every phase of highway 
finance, design, construction and maintenance. The meeting 
will be open to all interested. 
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U. S. Engineers Meet in England 

Out of the joint meeting of the American Institute of Chemical 
Engineers and the British Institution of Chemical Engineers 
regular international gatherings of engineers are likely to result. 
At the Annual dinner recently held in England, it was suggested 
by Sir Frederick L. Nathan, through Sir Arthur Duckham, who 
presided that a biennial joint meeting of the two engineering 
bodies be held alternately in England and America. This should 
do much to incite helpful cooperation between international 
engineering factions. 

The meeting was preceded by a reception at Leeds University, 
and the American engineers in attendance made a most interest- 
ing trip through Scotland, visited the British Empire exhibition 
at Wembley and concluded their tour by attending a reception 
given by Sir Arthur and Lady Duckham at Leighton House to 
meet the Rt. Hon. Winston Churchill and Lord Balfour. 


Meeting of the American Electrochemical 
Society 

Several papers of interest to electrical engineers were presented 
at the Chattanooga meeting of the American Electrochemical 
Society, September 24-26. The feature of the meeting was a 
symposium in charge of Dr. H. C. Parmelee on the ‘‘Relation of 
Electrochemical Industry to the Production of Plant Fertilizers”’ 
and this was followed by an inspection trip to Musele Shoals and 
the two nitrate plants, which are not in operation. 

Recent developments in nitrogen fixation are significant for 
the engineer because the power requirements are changing as a 
result of the work of the chemist. Dr. J. M. Braham discussed 
the present trend in nitrogen fixation with respect to the power 
used and the kind of nitrogen products which are made available 
for agriculture. 

The production of hydrogen is a problem of increasing im- 
portance. Electrolytic hydrogen is in competition with that 
produced by several other processes including a new one for the 
preparation of phosphorie acid as well as hydrogen. Hydrogen 
cells were discussed by W. G. Allen. 

Dr. 8. Karrer presented a paper on some of the scientific 
aspects of the are process for the fixation of nitrogen. This 
process has found little use in this country, but research on 
atomic states and the modes of energy transfer give promise of 
entirely new developments in nitrogen fixation. 

Concentrated fertilizer materials, including ammonia, urea, 
nitric acid and phosphoric acid were discussed by Messrs. 
Davis, Ross, and Jacobs. 

Power supply and the economies of the situation are only a 
part of the nitrogen problem. Other factors that vitally 
affect the electrochemical side of this industry are the physical 
characteristics of the materials produced, their suitability for a 
variety of crops, the transportation charges, and not least, 
the reaction of the farmer. 

Other papers included a discussion of ‘‘Power Resources of 
the Tennessee Valley” by Major H. ©. Fiske and a paper by 
N. B. Pilling on electrical properties of copper-nickel-manganese 
alloys which suggests possible developments in resistor materials. 


Paris International Conference on High- 
Tension Lines 


It is proposed, subject to there being a sufficient demand, to 
publish an English edition (in two volumes of approximately 
1100 pages each) of the papers read at the International Confer- 
ence on High Tension Lines held in Paris June 16-25, 1925. 
The volumes will also contain the discussion which took place. 

If the demand reaches 400 copies the price will be four pounds 
for the two volumes, but in the event of 800 copies being sub- 
seribed for, the price will be two pounds ten shillings. 

In order that an early decision may be reached as to whether 
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copies are requested to inform without delay 
Monsieur Tribot Laspiére, | 
Union des Syndicats de l’Electricité, 
25, Boulevard Malesherbes, Paris. 
of the number of copies they will require. be 
A French edition of the papers and discussions will also 

published provided subscriptions are received for not less t 
1000 sets. The price will be 200 francs per set, but, 
November Ist, 1925, the price will be increased to 250 fr: 
Orders for the French edition should also be sent to M. 71 
Laspiére at the given address. 


Obituary 

Harrison Pierce Reed, general manager of the A. Kie 
hefer Elevator Company, Milwaukee, Wis., and Fellow of 
Institute, died September 27th, 1925. Mr. Reed was born 
Milwaukee September 9, 1886, and his early education ¥ 
through the primary and West Division High Schools of that ei 
In 1905 he entered Sibley College, Cornell University, and 1 
graduated from the Mechanical Engineering course with a ; 
certificate in Electrical Engineering in 1909. He immediately 
affiliated himself with the Cutler-Hammer Mfg. Co. and con- 
tinued with them until 1919, taking responsible charge of their 
respective departments for the Development of Multiple-Unit 
Battery Car Train-Control, all engineering and Home Office | 
Sales, and the development of new switchgears. He also contri- 
buted several valuable patents to this company’s workings. In_ 
1921 Mr. Reed left the Cutler-Hammer Mfg. Company to assume 
the general managership of the A. Kieckhefer Elevator Co., also 
of Milwaukee, in which capacity he was stillactive when his death — 
occurred. Mr. Reed was for several years a member of the 
Institute’s Industrial and Domestic Power Committee, serving — 
as chairman of their Subcommittee on Elevators. ; 

J. P. Wintringham, Associate of the Institute since 1889, 
died suddenly at his home, 153 Henry Street, Brooklyn, N. Y., 
where he has been carrying on erystallographic, optical and — 
geometrical work for some time. j 

D. I. Dawbarn, M. E., A. M. I. C. E., was instantly — 
killed in an automobile accident on the morning of October 
Ist as he was driving to the plant of the Allis Chalmers — 
Manufacturing Company, Milwaukee, Wis., where he was 
engaged in work for A. Reyrolle & Co., Ltd., Hebburn, England. 

Mr. Dawbarn was born July 19, 1896 at Formby, Lancashire, — 
England. He was graduated from the University of Liverpool 
with first class honors, completing his University course after the — 
conclusion of the war. He then spent a year on electrical — 
research work under The Board of Scientific and Industrial — 
Research, after which time he became engaged with A. Reyrolle 
& Company, Ltd. 

He served his country for nearly five years in the late World 
War and was Captain of Engineers engaged on electrical com- 
munications. Last May Captain Dawbarn came to the 
United States in the interest of A. Reyrolle and Company, Ltd., 
and was stationed at the plant of the Allis Chalmers Manufactur- 
ing Company, as above stated. 
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PERSONAL MENTION 


TeOUUAAAE VLD CUBE OTL A LATENT CT GOH EPA OEY ATTEN 


Joun Harty Jackson has. removed from Schenectady to — 
assume new duties with the Lynchburg Traction and Light — 
Company, Lynchburg, Virginia. ae ie 

Roperitcx D. Donaupson, who has been doing consulting 
engineering work in New York since 1919, has joined the J.G. 
White Management Corporation, New York City, as assistant 4 
chief engineer. <a, Dpepibtame 2 


Ja 


' 


W. H. Curuny, formerly electrical and mechanical ehgineer 


ov. 1925 


the Sterling Salt Co. is now connected with the operating 
artment of the Long Island Lighting Company, with head- 
ers at Bay Shore, L. I. 


NK C. SrockweE.u has been elected Professor of Electrical 
ering at Stevens Institute of Technology. He will 
ue his practise of consulting engineering in association 
H. C. Roters, V. C. MacNabb and H. L. Paulding. 


tu W. Day, engineer of the General Electric marine 
riment after 36 years of service retired October 1, owing to 
eontition of his health. Mr. Day is best known for his work 
the federal government in the application of electricity to 
ine auxiliaries. 

R.F. Aprsncun, assistant to chief engineer, Anglo-Argentine 
mway Co., Buenos Aires, Argentine, on May 20, 1925, was 
lected president of the Association of Members of American 
ational Engineering Societies in Argentine. Mr. Apeseche 
been an Associate of the Institute since 1916. 

Nry H. Norris, who was for ten years on the editorial 
f of the Electric Railway Journal and later assistant to the 
lent of the McGraw-Hill Company, Ine., has resigned to 
up work of vocational education, as educational advisor of 
Boston Elevated Railway Company, Boston, Mass. Mr. 
was at one time professor of Electrical Nngineering at 
rnell University. 

Epwarp Woopsury has returned from the Baker River 
elopment, in Washington, to the Los Angeles office of 
& Webster, Inc., to resume his former duties as executive 
eal engineer in connection with the addition to the Long 
Steam Plant being constructed for the Southern California 
on Co. This addition will consist of one unit capable of 
ucing 60,000 kw. and it is expected that its efficiency will be 


tical Hngineers. 
q library of engineering and the allied sciences. 
most of the important periodicals in its field. 
ninth®*St., New York. 


Charges sufficient to cover the cost of this work are made. 


a : The Library maintains a collection of modern technica 
A rental of five cents a day, plus transportation, is charged. 

The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


h ~America. 


understand clearly what is desired. 


July and August when the hours are 9 a.m. to 5 p.m. 


(BOOK NOTICES SEPTEMBER 1-30, 1925) 


Unless otherwise specified, books in this list have been pre- 
ed'by the publishers. The Society does not assume responsi- 
y for any statement made; these are taken from the preface 
text of the book. 

All books listed may be consulted in the Engineering Societies 


ROVECHAMIENTO DH LAS Eneratas NAtrurAuns. 
Juan Gelpi Blanco. Barcelona, The Author, 1924. 283 
., diagrs., tables, 10 x 7 in., cloth. 24 pesetas. 
treatise deals with the utilization of power resources, 
ecial reference to conditions in Spain. It discusses the 
sourees of power—winds, waves, tides, streams and fuels 
aportance of efficient utilization, the results achieved in 
droelectric plants, heat engines, and electric trans- 
of power. The power resources of Spain are inventoried 
ntion is called to the need for conservation. Throughout 
et is treated practically, from the point of view of the 
rand the manufacturer. 
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even above the 425 kw-hr. per barrel record of the steam plant 
recently completed. 


Addresses Wanted 

A list of names of members whose mail has been returned 
by the postal authorities is given below, together with the 
addresses as they now appear on the Institute records. Any 
member knowing the present address of any of these members is 
requested to communicate with the Secretary at 33 West 39th St., 
New York, N. Y. 

All members are urged to notify the Institute headquarters 
promptly of any change in mailing or business address, thus 
relieving the member of needless annoyance and also assuring the 
prompt delivery of Institute mail, the accuracy of our mailing 
records, and the elimination of unnecessary expense for postage 
and clerical work. 

1.—Clyde EK. Bentley, 2815 Kelsey St., Berkeley, Calif. 
2.—Angus Black, 1237 Pacifie St., Brooklyn, N. Y. 
3.—Paul H. Burkhart, SSS Yale University, 10 Hillhouse Av., 
New Haven, Conn. 7 
4.—Manuel W. Dans, Apt. 6, 519 West 134th St., New York, 
INDAY, 
5.—Edward C. Hanson, Dixville, Quebec, Canada. , 
6.—S. Larios, 148 Fourth St., Milwaukee, Wis. 
7.—Robert J. Latorre, 1842 7th Ave., New York, N. Y. 
8.—Louis J. McBane, 1336 Oak St., N. W., Washington, D. C. 
7.—Willis KE. Osborne, 312 West 4th St., Erie, Pa. 
8.—Mary Shimanovsky, 24 Mt. Morris Park W., New York, 
INIo ws 
9.—Carl H. Struth, 527 West 124th St., New York, N. Y. 
10.—H. Thompson Whaler, 190 S. E. 12th Terrace, Miami, Fla. 
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uusaniannies 


Engineering Societies Library r 


Thelibrary is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 
It is administered for these Founder Societies by the United Hngincering Society, as a public reference 

It contains 150,000 volumes and pamphlets and receives currently 
It is housed in the Engineering Societies Building, 29 West Thirty- 


5) In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


1 books which may be rented by members residing in North 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


Burrraan zur GescuicuTre DER TrcHNIK UND INDUSTRID; 
Jahrbuch des Vereines Deutscher Ingenieure. 1924. Bd. 
14. Edited by Conrad Matschoss. Berlin, V. D. I.— 
Verlag, 1924. 278 pp., illus., diagrs., ports., 11x7 in., 
paper. 1.75. 

The sixteen historical papers in the 1924 volume cover a 
wide range. There are articles on the history of railroad brakes, 
of wine-presses, of serew-threads and of chemistry. Biographical 
contributions include an account of Alfred Krupp as a machine 
designer; a life of B. H. Strousberg, a German “‘railway king”’; an 
article on C. Waltjen, one of the pioneers of iron shipbuilding in 
Germany; and a description of the industrial activity of Emil 
Kessler, one of the first German locomotive builders. Other 
articles discuss the history of aluminum, the evolution of wire- 
drawing machinery, cranes, accumulators and traps and spring- 
guns. Like its predecessors, the volume is valuable to all who 
are interested in the history of industry. 

Brricut Uswr pin DiskussioNSVERSAMMLUNG pus 8. EH. V. 
User OntscuaururrraGnn. April, 1925, 
By G. Brihlmann, E. Heusser and M. Dutoit. Ziirich, 
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S. BE. V. und V.S. E., 1925. (Sonder-Abdruck aus dem Bulletin 
des 8. E. V., no. 2 & 6, 1925). 48 pp., illus., 10 x7 in., paper. 
2,50 fr. E 

A reprint of three papers on oil switches presented at a meeting 
of the Swiss Society of Electrical Engineers devoted to that 
subject. The first, by G. Bruehlmann, is on the theoretical 
and practical principles underlying the construction, selection 
and use of oil switches. The second discusses the structural 
principles underlying the construction of Swiss and foreign oil 
switches as built at present. The third describes some exper!- 
ments made with oil switches in actual service. 

Corts AND MacGner WIRE. 

By Charles R. Underhill. N. Y., MeGraw-Hill Book Co., 
1925. 494 pp., illus., diagrs., tables, 9x 6in., cloth. $4.00. 

Although coils are found in every electromagnetic device, 
specific detailed information on the preparation of magnet wire 
and on the manufacture and insulation of coils has been difficult 
to find. This book goes very fully into these questions and other 
practical matters involved in the construction of coils and should 
be a welcome addition to the literature on the subject. 

Das Drutscoe MusrnumM. 

Edited by Conrad Matschoss. 
Munchen, R. Oldenbourg, 1925. 
12xQin., cloth. 20,-mk. 

This handsome volume has been issued by the Verein Deutsche 
Ingenieure as a memorial of the great Deutsche Museum of 
science and technology at Munich. It gives a short account of 
its history, of its plan and noteworthy architectural features and 
of its building. The greater part of the book is devoted to short 
descriptions of the collections in each section of the Museum. 
These articles, each by a specialist, not only explain the Museum 
but are also useful chronologies of the development of the arts 
and sciences and are profusely illustrated by photographs of the 
exhibits. 
considerable historical value. 

Darpuuus; or, Science and the Future. 

By J. B. 8. Haldane. N. Y., H. P. Dutton & Co., 1924. 
(Today and tomorrow series). 93 pp., 7x5 in., cloth. $1.00. 

Mr. Haldane draws an intensely interesting picture of the 
present trend of science and of possible future developments. 
His book will stimulate thought along many lines and prove 
interesting to all educated men. In Mr. Haldane’s opinion, the 
center of scientific interest today lies in biology, and he forecasts 
great social changes from its applications to our life. 

Drarrinc Merruops. 

By Douglas S. Trowbridge. N. Y., Codex Book Co., 1925. 
155 pp., illus., 8 x 5 in., cloth. $2.50. 

The scope of this. small reference book is indicated by its 
contents. The suggestions given and the practices described are 
intended to promote good practice and efficiency in the drawing- 
room. The book is not intended as a textbook but rather as a 
guide to convenient methods and rapid ways of working. 
Economics or Pusiic Urtinitizs. 

By L. R. Nash. N. Y., MeGraw-Hill Book Co., 1925. 
pp., diagrs., tables, 9x 6 in., cloth. $4.00. 

_ Contents: Origin and development of publie utilities —Dis- 
tinguishing characteristics of public utilities—Franchises.— 
Capitalization.—Accounting methods.—Regulation.—Valua- 
tion.— Depreciation.—Rate ‘of return to investors.—Rate struc- 
tures,— Taxation.—Tests of utility securities as investments.— 
Tests of utility development.—Public ownership.—Public 
relations.—Some current utility problems.—Views on outstand- 
ing issues.—Index. 

: The scope of this work is shown by the table of contents. 

The aim of the author has been to assemble the essential facts 
concerning the broader business and economic problems of our 
public utilities and to analyze and discuss these facts. The 
discussion is confined to the problems of electric light and 
power, electric railway and gas properties. It is intended for 


executives, engineers, city and state officials and others who need 
a knowledge of the fundamentals of the industry. 


EIseENBAHNWESEN; Diz EIrsmNBAHNTECHNISCHE TAGUNG UND 
Inrw AUSSTELLUNGEN, 1924. 

Edited by Conrad Matschoss. Berlin, V. D. I.—Verlag, 1925. 
(Sonderausgabe der Zeitschrift des Vereines Deutscher Ingen- 
leure). 393 + 221 pp., illus., diagrs., plates, 12 x 9 in., cloth. 

In 1924 the Verein deutscher Ingenieure adopted a plan for 


meetings devoted to special branches of engineering, in addition 
to the general annual meetings. One of these, on railroad engi- 


Berlin, V. D. I. Verlag; 
364 pp., illus., ports., plans, 
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Aside from its usefulness as a guide, the book has | 


Journal A. I, 


Jo 

neering, occurred at Berlin, September 21-27, 1924, which y 
attended by over 5000 railroad men. The papers presented 
and the discussions that they provoked are published 
large, bound special number of the ‘‘Zeitschrift’’ and form _ 
good survey of the present state of railroad engineering 
Germany. 7 

Among the topics discussed are methods for improving 
thermal economy of locomotives, turbine locomotives, the 
of electric locomotives, the thermo-locomotive, transpo 
of bulk freight in dumping ears, electric railroad opera 
brakes, ball and roller bearings, powdered coal firing, 
wheels, American signal systems, classifying yards, stan 
modern bridges and tunnels. There is also a description of 1 
exhibition of railroad equipment held in connection with ° 
meeting and a good bibliography of the German books on railroa 
topies published during the past decade. 


ELEcTRICAL ENGINEERING. a 
By Clarence V. Christie. 3rd edition, rev. & enl. N. Y., 
McGraw-Hill Book Co., 1925. 613 pp, diagrs., 9x6 im, ~ 
cloth. $5.00. aoe 

A textbook for junior and senior students. The theory and 
characteristics of electrical machines are developed from the 
fundamental principles of electrostatics and electromagnetics. 
The discussion is confined to the standard types of machines, 
and extensions of subject are left to the instructor, the book — 
being intended only as the foundation for lecture courses. 

The new edition has been revised. New information is given ~ 
on the breakdown of insulating materials, on alternator design, 


on new motors and on transmission systems. . 


Diz ELeEKTROMOTOREN . . v. 1; GiEIcHsSTROMMOTOREN, — 
MernrpHasick, SYNCHRONUND ASYNCHRONMOTOREN. ; 

By F. Niethammer. Ber. u. Lpz., Walter de Gruyter & Co., 
1925. 100 pp., illus., diagrs.,6x4in., cloth. 1.25 gm. 


This little book covers a wide subject most concisely, with 
the aid of simple mathematical formulas and many graphic 


charts in the form of switch diagrams and operating curves. It — 


shows how the power, the speed and moment of rotation are — 
determined, how motors are reversed, how their speed is regulated - 
and how they are braked. . 


ELEMENTARY MATHEMATICAL ANALYSIS. 

By Charles S. Slichter; reset with revisions and additions by 
Warren Weaver. 3rd edition. 
1925. 
$3.00. 


This is not intended to be a text on ‘“‘practical mathematics” 
in the sense of making use of scientific material and of fundamen- 
tal notions not already in the possession of the student or in the 
sense of making the principles of mathematics secondary to its 
technique. On the contrary, the aim is to give the fundamental 
truths of elementary analysis as.much prominence as seems — 
possible in a course for freshmen. 

The emphasis of the book is placed upon the notion of func- 
tionality. Illustrations from science are freely used to make 
this concept prominent and the student is taught to use mathe- 
matics to express and interpret the laws of actual phenomena, 
not merely to secure here and there certain computed results. 


Evementary Mecuanican Drawine. 

By Charles William Weick; revised by Frank C. Panuska. 
2nd edition. N. Y., McGraw-Hill Book Co., 1925. 251 pp., 
illus., diagrs., 9 x 6 in., cloth... $2.00. 

This textbook has been revised in order that the text and 
problems might conform to the recent developments in the teach- 
ing of the subject. A new chapter on sketching has been added 
and important changes made in various parts of the text. The 
book is intended to cover theory and practise and to proceed 


N. Y., MeGraw-Hill Book Co., — 
(Modern mathematical texts). 473 pp., 8x5 in., cloth. | 


; 


regularly from the elements through the fundamental training — 


needed for general practice in the drafting office. 


GENERAL CHEMISTRY. 

‘By H. I. Schlesinger. N. Y., Longmans, Green cites 
631 pp., diagrs., tables, 9 x 6in.; cloth. $3.75. 

Professor Schlesinger’s textbook covers the course given at 
the University of Chicago to students who have had an introduc- 
tory course in the high school and so are already familiar with the 
rudiments of the science. In the text attention is concentrated — 
on the fundamental phenomena and principles and on the simpler 
applications, and these are discussed with séme degree of 
thoroughness. Throughout, chemistry is presented as a growing 
science in which there are many unsettled questions. Be kaa 


1925. 


1925. 


“Nov. 1925 


Gernerat Puysics anp Irs AppLicATION TO INDUSTRY 


AND 
a Everypay Lire. 

_ By Ervin S. Ferry. 2nd edition. N. Y., John Wiley & Sons, 

(1925. 807 pp., illus., diagrs.,8 x 5in., cloth. $4.00. 

; For that large class of students who require a coordinated 
elementary course in the fundamental principles, the methods 
and the industrial applications of physics. The purpose is not 
only to impart information but also to give training in the 
methods by which facts are correlated in laws and these laws 
_ applied to the affairs of life. Attention is given especially to the 
Jaws that occur most frequently in ordinary affairs and are most 

widely applied in the arts, and the illustrative material is selected 


from engineering, agriculture, ete. 


The new edition has been revised and extended by the addition 
_ of considerable new illustrative material. 


! ‘Grapuic TABLE CoMBINING LOGARITHMS AND ANTI-LOGARITHMS. 

By Adrien Lacroix and Charles L. Ragot. N. Y., Macmillan 
Co., 1925. [56pp.],10x7in., cloth. $1.40. 

The usual tables of logarithms have the disadvantage that 
they are essentially ‘one way’ tables, hence interpolation is 
necessary to find the numbers corresponding to the results ob- 
tained in computations. They also give the five-place logarithms 
_ of only those numbers that have four places. 

The five-place table in this book combines all five-place 


- numbers and all five-place logarithms in one graphie scale from 


which either can be read in terms of the other, without interpola- 

tion. This arrangement makes the table more convenient and 

reliable than the customary form and enables it to be used more 
rapidly, the authors state. It also saves, they say, eighty per- 
cent of the space. 

Houiwes Minerates pour Transrormareurs Er INTERRUP- 
THURS . . Zurieh, |’ A. S.E. et de 1’ U. C. S. 1925. 
(Tirage a part du Bulletin de l’A. S. FE. 1925, no. 4). 28 
pp., plate, diagrs., 10 x 7 in., paper. 50,-fr. 

This reprint gives the specifications and standard tests for 

_ transformer oils adopted this year by the Swiss Association of 

~ Electricians and the Swiss Electric Railway Union, and also con- 


tains a study by Dr. H. Staeger on the sources and nature of the 
mineral oils and the methods of testing used in different countries. 


Icarus: or, the Future of Science. 

By Bertrand Russell. N. Y., E. P. Dutton & Co., 1924. 
(Today and tomorrow series). 64 pp., 7x5 in., cloth. $1.00. 

Mr. Russell thinks that science threatens to cause the destruc- 
tion of our civilization. This little book, which is to a certain 
extent a reply to “Daedalus,”’ sets forth some of the dangers 
inherent in science while we retain our present political and 
economie institutions. 


Locating THE Iron Train. 

By Edward Gillette. Bost., Christopher Publishing House, 
172 pp., illus., 8 x-5in., cloth. $2.00. 

In 1878 Mr. Gillette joined the staff of the United States 
Surveys West of the One-Hundredth Meridian, beginning a 
career of over thirty years of professional work in the west. He 
took part in railroad location and surveys in Colorado, Utah, 
Nebraska, the Dakotas, Montana, Idaho, Wyoming and Alaska. 

book is one of personal reminiscence, containing accounts of 
fanusual occurrences, adventures and associations, and giving a 


_ picture of the conditions met by the pioneer surveyors. 


SECTIONS MEETINGS 


Cincinnati 


Electrical Methods for the Measurement of Temperature, by L. E. 
Emerick, Leeds and Northrup Co. September 10.) At 


tendance 36. 
‘ Connecticut 
High Lights of the Electrical Industry, by L. W. W. Morrow, 
Managing Editor, LZlectrical World. Refreshments were 


served. September 25. Attendance 45. 
Detroit-Ann Arbor 


| ‘The fe ichology of Laughter, by C. M. Newcomb, Cleveland, Ohio. 
Dinner Meeting. September 25. Attendance 152. 
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MirrEILUNGEN UBER DEN OSTERREICHISCHEN BurGBau, 1925. 

Kdited by Verein der Bergwerksbesitzer Osterreichs. Wien, 
Verlag fur Fachliteratur, 1925. 150 + 60 pp., tables, 8 x 6 in., 
boards, 8.-mk. 


The handbook contains the official statistics on the Austrian 
mining and metallurgical industries during 1924. It contains 
statistics of the number of mines and their output; a directory 
of mines and their officers; a list of idle mines; directories of 
state departments, professional and commercial associations; 
tables of exports and imports, ete. 

Naturat Gasouine, Testing, Manufacturing and Properties. 

By G. G. Oberfell and R. C. Alden. [Tulsa, Okla., The 
Authors], 1924. 533 pp., illus., tables, graphs, 9 x 6 in., fabri- 
koid. $7.50. 

The authors of this work have collected a large mass of data 
upon the testing, manufacture and properties of natural gasoline, 
and arranged it in a form convenient for those engaged in the 
industry. The first section, on testing, gives methods for 
testing gas, gasoline and absorbent oils. In section two, on 
manufacture, the application of the fundamental physical laws 
is explained, and the design and operation of recovery plants, 
both oil and charcoal, are explained. The physical and chemical 
properties of natural gasoline are given in section three. Section 
four contains a miscellany of useful tables and graphs, and a 
bibliography of books, articles and ‘patents. 

STRENGTH OF MATERIALS. 

By Alfred P. Poorman. N. Y., McGraw-Hill Book Co., 1925. 
313 pp., diagrs., tables, 9x6 in., cloth. $3.00. 

A companion volume to the pathic’ s “Applied Mechanics,” 
intended for use in undergraduate courses in mechanics. Con- 
tains a large number of illustrative examples with detailed 
solutions and many problems for solution by the student. 
ReEWINDING SMALL Morors. 

By Daniel H. Braymer and A. C. Roe. 
Book Co., 1925. 247 pp., illus., diagrs., 
$2.50. 

The motors to which this book refers include all those in 
common use for portable drills, grinders, automobile starters, 
sewing machines, desk fans, vacuum cleaners, washing machines 
and similar shop and dwelling equipment. The authors have 
attempted to compile details about the procedure in winding 
these motors which will enable an experienced winder to rewind 
or change them without difficulty. 

RaitrRoaps; Cases AND SELECTIONS. 

Edited by Eliot Jones and Homer B. Vanderblue. 
Maemillan Co., 1925. 882 pp., diagrs., maps, 9 x 6 in., 
$4.25. 


This volume is intended to supplement the textbooks of 
the authors on railroad transportation and rates, by providing 
a carefully selected body of supplementary material to give 
conereteness to the principles developed in the more general 
works on railroad transportation and to stimulate the student 
to think. The greater part consists of decisions of the Interstate . 
Commerce Commission, the Railroad Labor Board and the 
Supreme Court of the United States, but historical and critical 
discussions are also included where they seemed desirable. 
The material is classified under the Development of the railroad 
net, Rates, Service, Finance, Combination, Labor and the 
Conflict of state and nation. 


N. Y., MeGraw-Hill 
charts, 9 x 6 in., cloth, 


INV 
cloth. 


Erie 


The Art of Paper Making, by R. H. Rogers, General Electrie Co. 
Illustrated. September16. Attendance 70. 


Los Angeles 


High-Tension Transmission Problems, by C. L. Fortescue, 
Westinghouse Elee. & Mfg. Co. 

Power Limits on Transmission Systems, by R. J. C. Wood, 
Southern California Edison Co., and 

Problems in Electric Distribution Systems, by D. K. Blake, 
General Electric Co. Discussion by W. D. Shaw, H. H. 
Dewey, H. A. Barre, E. R. Stauffacher, C. A. Heinze, 
M. O. Bolser and E. R. Northmore. A dinner preceded 
the meeting. October 6. Attendance 138. 
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Mexico 

Short talks were given by several members on their trip to the 
electrified portion of the Mexican Railway. March 5. 
Attendance 21. 

Business Meeting. May 7. Attendance 21. 

Business Meeting. June 4. Attendance 23. 

The Future of the Electrical Industry in Mexico, by Mr. Arceo. 
July 2. Attendance 31. 

Why Capital is Lacking to Invest in Mexico on Hydroelectric 
Installations, by Mr. Larralde. August 6. Attendance 33. 

Business Meeting. The following officers were elected: Chair- 
man, E. F. Lopez; Secretary- Treasurer, H. Larralde. 
September 3. Attendance 31. 

Business Meeting. October 1. Attendance 33. 


= Minnesota 


Industrial Lighting, by Ward Harrison, 
Joint with St. Paul Electrical Board of Trade. 
22. Attendance 115. 


General Electric Co. 
September 


Rochester 


Variable- Ratio Frequency Changers, by E. J. Burnham, General 
Electric Co. Illustrated with slides of the Rochester Gas 
and Electric Company's frequency changer. Following the 
paper the meeting adjourned to Station 33 where the opera- 
tion and control of the units were demonstrated. October 
2. Attendance 56. 


Springfield 
Street and Highway Lighting, by J. H. Lynch, Westinghouse 
Elec. & Mfg. Co. Illustrated. September 29. Attend- 
ance 68. 
Toronto 


Social Meeting. September 25. Attendance 95. 


Vancouver 


Inspection trip to the Stave Falls Hydroelectric Plant of the 
British Columbia Electric Railway Company, Ltd. October 


2 


3. Attendance 65. 
Washington 


Luncheon Meeting. September 15. Attendance 48. 


BRANCH MEETINGS 
Alabama Polytechnic Institute 
Business Meeting. September 16. Attendance 16. 
Dialect readings by Mrs. Frazier. September 30. Attendance 
Le 
Cooperative Electrical Engineering, by Mr. _ Garlington, student, 
and 


Automobile Head Lighting, by Mr. Gard, student. 
Attendance 39. 


October 7. 


Bucknell University 


Business Meeting. The following officers were elected: Presi- 
dent, T. J. Miers; Vice-President, Aldus Fogelsanger; 
Secretary-Treasurer, C. A. Rosencrans. October 7. At- 
tendance 61. 


Clarkson College of Technology 


Business Meeting. The following officers were elected: Chair- 
man, W. R. MacGregor; Secretary, L. G. Carney; Treasurer, 
F. G. Toye. September 28. Attendance 40. 

A film on the manufacture of Carter’s Ink was shown. 
6. Attendance 30. 


Clemsen Agricultural College 
‘What the Superpower Plan Means and How It Can Be C 
i Out, by C. B. Day, age 
That America’s Water-Power Will Do for the American Peopl 
by J. R. Smith, and z nae Bae 


Superpower as an Aid to National De ense, by V. C. S 
d anders. 
October 8. Attendance 37. ‘ : : 


October 


University of Denver 
Business Meeting. October 1. Attendance 12. 
State University of Iowa 
Business Meeting. The following officers were elected: Presi- 
dent, Leon Dimond; Vice-President, L. A. Ware; Secretary- 
Treasurer, A. C. Baeke. September 30. Attendance 39. 
The American Institute of Electrical Engineers and the Student 


Branches, by Professor A. H. Ford. October 7. At- 
tendance 45. 
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‘Service and Repair Records for Electric Motors, by J. W. Schramm, 1h 


Kansas State College 


Testing of Transmission Lines, by Mr. Kerehner. « ‘Sept e 
Attendance 39. os 


Lafayette College 


Business Meeting. The following officers were elected: 
man, A. H. Gobert; Secretary, Frank G. Keim. 
26. ‘Attendance 21. 


University of Nevada 


‘The Hydroelectric Development of Boulder Canyon, by Gor 
Serugham. Illustrated. September 16. Attendafice 7 


College of the City of New York 


Business Meeting. The following officers were elected: 
man, James W. Wilson; Vice-Chairman, Daniel La! 
weis; Secretary, Frank Kulman; Treasurer, Ed 
Publicity Manager, Benjamin Orange. ee ee x 
tendance 15. 


D 


New York University 


Business Meeting. The following officers were elected; 
dent, W. Robert Steeneck; Secretary, Henry A. We 
October 1. Attendance 10. 


University of North Carolina 


Sovial Meeting. G.M. Wilson was elected Treasurer to replace 
J. Fred Kistler. October 1. Attendance 43. 


University of Notre Dame 


Business Meeting. September 28. Attendance 5B. 
Ohio Northern University 


Business Meeting. September 16, Attendance 45. 

Construction and Operation of Motion-Picture Projection Machines 
by L. E. Young, and 

Construction of Low- and High-Tension Insulators, by C. 
Etherton. September 30. Attendance 44. 


University of Oklahoma 

My Summer Trip to the A. I. E. E. Convention, by Profe 
E. R. Page, University of Oklahoma. The tolowiaE ee 
were elected: President: Floyd O. Bond; Vice-Preside 
Mr. Brady; Secretary, Edw. F. Durbeck, AN iTfeant er, 
Earle E. Jackson. October 8. Attendance 29. 


Rose Polytechnic Institute 


The A. I. BE. E. as an Organization, by Professor C. C. - 
meyer. The following officers were elected: Prosident | 
J. H. Utt; Seeretary, Everett Letsinger. October 2. | 
Attendance 18. 


Rutgers University 

Electric Power, by Mr. Aylesworth, and 
The Human Side of Engineering. October 5. Attendance 18g 
University of Tennessee 


Radio Amplifiers, by W. Tadlock, General Electrie Co. The 
following officers were elected: President, Dan H. Sneed; 
Secretary-Treasurer, Howard B. Shultz. May 14. At 
tendance 35. 7 


D 


Virginia Military Institute 
Business Meeting: The following officers were elected: Chai 
man, E. T. Morris; Secretary, J. H. Diuguid. Tans 6. 
Attendance 50. 
Virginia Polytechnic Institute 
Business Meeting. September 25. Attendance 38. 


West Virginia University 


Business Meeting. The following officers were elected: Presi 1 
dent, R. W. Beardslee; Vice-President, R. L. Cole; See 
tary, W. F. Davis. October 5. Attendance 31. 


Electrical Development in Australia, by E. L. Hartman, 
Gas- Electric Railless Transportation, by W. W. Reed, 
Transformers Cooled by Air Jets, by D. S. L. Roush, 


Franklin, as a Scientist and Inventor, by K. D. Stewart, 
Operating a Fully Interconnecting System, by R. A. Osher 
Life of Oliver Heaviside, by Glenn Cornell, baht 
Contracting in Engineering, by lu. S. Davis, and — Reet 4 


Contrast of Electric to Gas, Bus, by C. B. Binge October 12. 
Attendance 33. et 


Yale University Ria 8 
Social Meeting. October 6. Attendance 43. rae iont 
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Engineering Societies Employment Service | 


the month. 


with the Western Society of Engineers. 


Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperating 
The service is available only to their membership, and is maintained as a coopera- 
tive bureau by contributions from the societies and their individual members who are directly benefited. 
\\ Offices: —33 West 39th St., New York, N. Y..—W. V. Brown, Manager. 
\ 58 West Jackson Blu’de., Room 1786, Chicago, Ill., A. K. Krauser, Manager. 
_ MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated except upon 
, requests received after an interval of one month. Names and records will remain in the active files of the bureau for a 
pertod of three months and are renewable wpon request. 
a. EMPLOYMENT SERVICE, 33 West 39th Street, New York City, and should be received prior to the 15th of 


Notices for this Department should be addressed to 


a 
4) OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 
members of the Societies concerned at a subscription rate of 83 per quarter, or $10 per annum, payable in advance. Posi- 


tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 
VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 

invited to cooperate with the Societies in the financing of the work by nominal contributions made within thirty days after 

placement, on the basis of $10 for all positions paying a salary of 82000 or less per annum; 810 plus one per cent of all 


he amounts in excess of $2000 per annum; temporary positions (of one month or less) three per cent of total salary received. 
The income contributed by the members, together with the finances appropriated by the four societies named above, will 


. it is hoped, be sufficient not only to maintain, but to increase and extend the service. 
REPLIES TO ANNOUNCEMENTS .—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


filled will not be forwarded. 


POSITIONS OPEN 


GRADUATE ELECTRICAL ENGINEER, 
young, thoroughly experienced in radio develop- 
ment, and familiar with modern broadcast 
_ receiver problems. Should be well versed in shop 
_ and manufacturing methods. Location, Middle- 
west. R-7543. 

ELECTRICAL SALES ENGINEER, for 
oe any manufacturing carbon brushes and 
ry generators, and carbon specialities. Kansas, 
: ‘St. Louis, Mo.; Birmingham, Ala.; Atlanta, Ga. 


= fyre . 

: SALES ENGINEER, with acquaintances 
among engineers of power houses, substations 
and industrial plants to sell renewal products. 
Salary and commission. Apply by letter stating 
experience, education, age, and salary expected. 
Location, New York and vicinity. R-7404. 

_ SALES REPRESENTATIVE, to take on line 
of established renewal products salable to power 
; 10 e. Substation and industrial engineers, 
preferably one with established clientele. Com- 
mission basis. Exclusive territory in Pittsburgh, 
i ago and San Francisco. R-7405. 

SALES REPRESENTATIVE to sell on liberal 
commission a modern heating system used ex- 
tensively in the better class of residences, apart- 
ment houses and office buildings. Applicant 
must be familiar with this class of work and 
acquainted with architects and builders. Loca- 
tion, New York City. R-2149. 

, SALES ENGINEER, under 30, to sell glass 

reflectors. Location, New York City and 

Vicinity. R-3135. 

SALES ENGINEER, with 2-3 years’ experi- 
€, with piston rings. Power piant or refrigera- 

n experience considered. Commission. Loca- 

mon, not stated. R-4043. 
Bs _ RADIO RESEARCH ENGINEER, thor- 
’ oughly familiar with all types of present day 
7 circuits, Must be able to analyze all kinds of 
; ci i and suggest changes and remedies for 
existing defects. Apply by letter. Salary $100 
a week. Location, New York. R-7628. 


MEN AVAILABLE 


sy GRADUATE IN ELECTRICAL ENGI- 
ERING, age 26, two years’ broad experience in 

enance, operation and repair of power 
pment, some mining experience, three years’ 
e work with large manufacturer of electrical 
us. Available on two weeks’ notice 
present employer. C-436. : 


to the Employment Service as above. 


CHIEF ELECTRICIAN, fourteen years’ 
experience in the construction, maintenance and 
operation of industrial plant electrical systems, 
two years’ as chief electrician. Married, 30 years 
old, technical graduate. Available on fifteen 
days’ notice. Location immaterial. C-441. 

GRADUATE ELECTRICAL ENGINEER, 
1924, age 29, married, desires a position that will 
give him an opportunity to become a designer. 


Experience factory electrician, motor tester, 
telephone maintainer. Available immediately. 
Location immaterial. ©-314. 


EXECUTIVE, technical graduate, age 34, 
with wide engineering, sales and manufacturing 
experience. At present managerial head of a 
small nationally known electrical switch com- 
pany, but wishes to relocate as manufacturing 
executive with larger organization. C-462. 

ELECTRICAL ENGINEER, commercial and 
industrial experience. Age 30, married. Ex- 
perience includes four years with public utility 
on analysis of statistics, surveys of organizations, 
investigations of contemplated developments and 
industrial requirements. B-9273. 

ELECTRICAL ENGINEERING GRADU- 
ATE, three years’ experience with a large en- 
gineering firm designing and estimating power 
stations, desires to connect with growing utility, 
industrial or contracting concern. Location, in 
Middle West preferred. C-489. 

STUDENT A. I. E. E., extensive technical 
training, age 22, desires position as student 
engineer with public utility. Would consider 
manufacturing or hydro-electric concern. One 
year's experience controller testing. Location, 


Western States, preferably Colorado. Salary 
secondary importance. Available ten days’ 
notice. C-416. 


DESIGNING ENGINEER, 28, single, tech- 
nical graduate, with five years’ experience in 
designing of power plants, substations, industrial 
buildings and R. R. bridges. Desires transfer 
with a consulting engineering firm with the object 
of betterment. Vicinity of New York preferred. 
B-8852. 

ELECTRICAL ENGINEER, E. E., (Wiscon- 
sin) age 28, experience in electrical testing and 
university teaching, one year in charge of 3000 kw. 
industrial power-plant. Chinese nationality, 
speaks fluent English. Excellent personality and 
reference. Desires position with public utility, 
electrical manufacturer, or contracting engineers. 
Location anywhere. Available in two months. 
O-511. 


ENGINEER-LAW YER, graduate, single, age 
30, ten years’ engineering and commercial experi- 
ence in Europe and America. Desires connection 
with public utility, holding company or invest- 
ment house specializing in utility stock, in 
consulting or executive capacity. C-500. 

ELECTRICAL ENGINEER, 34, inarried, 
thirteen years’ experience superintending ,jand 
supervising the installation and operation o ‘all 
types of electrical equipment for power plants, 
substations and industrial plants. Detailed 
information on request. Available on short 
notice. Will only consider position where I can 
locate permanently. C-502. 

ELECTRICAL-MECHANICAL DRAFTS- 
MAN, age 26, married, technical education, field 
and office experience on machinery and power 
house construction. Available immediately. Any- 
where. B-7666. 

ELECTRICAL ENGINEERING GRADU- 
ATE, single, age 26, six months’ harbor develop- 
ment, one year electrical testing, three years 
outside plant engineering with telephone com- 
pany. Very healthy and adaptable. Desires 
opportunity in hydroelectric or telephone work. 
Location preferred, Pacific Northwest, or the 
South. Minimum salary $2400. C-483. 

ENGINEERING EXECUTIVE, leaving posi- 
tion in Manila charge electrical station design, 
installation, sales office, executive merchandising 
work for G. E. Training electrical Massachusetts 
Institute Technology, General Electric Test, 
engineering sales United States and China. 
Wishes permanent executive engineering position 
with public utility or factory North East. Mar- 
ried, 35. $3500. C-450. 

ELECTRICAL ENGINEER, 22, single, gradu- 
ate engineer in E. E. ‘25, desires position with a 
future where he can gain experience, and at the 
same time make a fair salary. Either public 
utility or private enterprise. Location im- 
material. C-512. 

EXECUTIVE, 
industrial relations; 
and post graduate degrees. 
successful in handling men. Specialized in 
educational and safety organizations. Con- 
tinuously employed sixteen years. Seeking 
larger opportunities. Available on thirty days’ 
notice. C-504. 

ELECTRICAL ENGINEER, technical gradu- 
ate, with several years’ experience in mechanical 
and electrical design of small motors. Desires 


eleven years’ experience in 
age 43, technical graduate 
Good organizer, 
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position with manufacturer in engineering or 
sales department. Broad experience in experi- 
mental and development work. At present 
engaged in sales work. Available on reasonable 
notice. Age 36, married. B-9395. 

ENGINEER-PHYSICIST, age 33, graduate of 
several leading universities, on instruction staff of 
well known institution for five years. Thorough 
knowledge of mathematical physics, also practical 
engineer with experience on radio communication. 
Electrical development desired. New York City, 
or vicinity preferred. B-165. 

ILLUMINATING ENGINEER is available 
for an offer from a central station, or manufacturer 
interested in promoting illumination. C-518. 

PATENT ATTORNEY, fifteen years’ 
perience, thoroughly familiar United States and 
foreign practise. Now executive head large 
successful electrical manufacturing concern, de- 
sires to become associated with established firm 
patent lawyers, or industrial organization where 
his experience in creating patent situations and 
organizing and technical research can be utilized. 
Possess rare combination engineer-attorney 
with those of successful business 


e€x- 


e 
qualifications, 


S 


career. B-909. 
ELECTRICAL AND MECHANICAL EN- 
GINEER, technical graduate, age 40, married; 
power and lighting contractor and consulting 
work for fifteen. years. Desires position with 
public utility in new business of operating de- 


partment with chance for advancement. Prefers 
Middle West location. C-526. 

TECHNICAL GRADUATE in electrical 
engineering and administration, 1922, age 27, 


desires engineering or administrative position with 
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a small, rapidly growing, private concern offering 
a good opportunity for advancement. Three 
years’ experience in the engineering department 
of a large public utility with whom he is at 


present associated. Available on reasonable 
notice. Location, Eastern States preferred. 
C-516. 


MAINTENANCE ENGINEER, technical edu- 
cation, seven years’ experience in construction and 
maintenance of mechanical, electrical, steam and 
refrigerating equipment in many varied types of 
industrial plants. Expert in the electrical line, 
hard worker, with good initiative and planning 
ability. Salary $100. B-7005. 

POWER SALES ENGINEER, specialist in 
large power contracts, rate analyses and public 
service commission cases. Available upon thirty 
days’ notice. Minimum salary $6000. B-4221, 


SALES ENGINEER, technical graduate, 
single, employed. Exceptional experience in 
manufacture, home office and field sales entire 
line electrical equipment large manufacturer. 
Sales record shows excellent results in territory 
having very high sales resistance. Five successful 
years present company. Executive ability. Phila- 
delphia preferred. Minimum salary $4000. 0-540. 


ENGINEER-SCIENTIST, age 30, married, 
educated at M.I.T., three years in chemistry, 
three years in mathematical physics, graduating 
in mechanical engineering. Employed as tech- 
nical report writer for research laboratory of G. E. 
and as industrial physicist and designer by 
Corning Glass Works. Executive experience and 
broad training in commercial subjects. Em- 
ployed. B-9930. 

EDITOR OR STATISTICAL ENGINEER, 


Journal A 


general scientific and_ electrical 
training, including two years’ post gradi 
Broad experience writing, editing 
articles, newspaper articles, booklets, — 
advertising literature, etc. Thorough kno 
printing. Experience statistical work, © 
promotion, business administration, b 
efficiency methods as assistant to pro 
executive large corporation. Location, 
York City, Chicago, or Boston. O-549. 
ENGINEER, age 36, graduate M. BH. and,E. 
thirteen years’ experience; three years indus 
ten years public utility, desires position of 1 
sponsibility requiring technical and admini: 
knowledge. Power-plant, substation and 
mission experience with large companies. 
steam and electrical experience. B-5842. 
ASSISTANT EXECUTIVE, technical g 
ate, age 33, married, desires connection w 
progressive company in commercial capacity, 
industrial engineering firm. General expe 
covers manufacturing, time studies, plant la; 
distribution systems, costs, sales, advertising 
statistical studies of expenses, revenues and 0 
administrative problems. Location, New 
land, New York. Available reasonable no 
B-9122. 
ELECTRICAL ENGINEER, age 28, 
married, graduate Mass. Institute of Technology, 
A.B. degree. Experience small central stat 
installations, was Marconi operator before 
naval radio electrician during war. Past 
years charge instruction radio communicati 
design, construction, installation, operation ra 
station large state university. Prefers ex 
mental or development in communi 
Location anywhere. C-354. 


Bi? 


tl 


0 


= NMUV CUFF UUU LESAN FERGU E00 OPO e220 


Pr 


MEMBERSHIP — Applications, Elections, Transfers, Ete. 


‘UCPC UA EEUU EU TCT EET ET S101 9 0 C0 02 


ASSOCIATES ELECTED OCTOBER 14, 1925 

ACKERMAN, GEORGE E., Sales Engineer, 
Line Material Co., South Milwaukee, Wis.; 
res., Erie, Pa. 


AGOSTINACCHIO, VITO, ‘Tester, Yankee 
Radio Co. of America, 25 Hoit St., Newark, 
Nae 

ALLENDE, OCTAVIO ENRIQUE, Student “ 


Engineer, Gener al Electric Co., Schenectady, 


ALV UNG, ROLF, Electrical Engineer, Standard 
Steel Car Co., Butler, Pa. 


ANDREWS, JOHN WATKINS, Consulting 
Engineer, Florida Citrus Exchange, Tampa, 
Fla, 

ARNOLD, ROBERT M., Secretary, The 


Arnold Engineering Co., 565 West Washing- 
ton Boulevard, Chicago, Il. 

BAZARIAN, MINAS HAMPAR, Elec. Testing, 
Metering & Drafting, Elec. Engg. Dept., 


Chase Co., Inc., Waterville; res., Waterbury, 
Conn. 
BENNINGTON, ROBERT FRANK, Electric 
Maintenance, Hub Engineering Corp., 352 
W. 50th St., New York; ves., Brooklyn, N. Y. 
BOSTWICK, 


JAMES GARFIELD, Supt., 
Light & Water Plant, Fort Valley, Ga. 
BRADFORD, ARTHUR J., Laboratory Assist- 
ant, General Electric Co., Schenectady, N. Y. 
*BULLER, FRANCIS HAMILTON, Designing 


City 


se General Electric Co., Schenectady, 
NG, 
CALDWELL, JOSEPH A., In charge of 


Distribution & Elec. Equipment, Consoli- 
dated Textile Corp., Lynchburg, Va. 

CARDER, ROBERT CALLAN, 27 S. George St., 
Cumberland, Md. 

CLEGHORN, RAYMOND R., Operator, Balti- 
more Copper Smelting & Rolling Co., 
Canton, Baltimore, Mad. 

COMBI, UBERTO ANTONIO, Tgerentee! 
Transmission Line, Andhra Valley Power 


Supply Co., Ltd., Tata Bungalows, Kalyan, 
Bombay Presidency, India. 

DEN HARTOG, JACOB PIETER, Engineer, 
Research Dept., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 

DIRKS, VICTOR FRANCIS, Supt. of Meters & 
Tests, Electric Light Commission, 3rd & 
Richardson Aves., Lansdale, Pa. 

ETIENNE, LEONARD A., Sales Engineer, 
Industrial Div., Westinghouse Elec. & Mfg. 
Co., 717 S. 12th St., St. Louis, Mo. 

FISHER, WILLIAM BERNARD, Electrical 
Foreman, Stone & Webster, Inc., Woon- 
socket, R. I.; res,, Bridgeport, Conn. 

*FITCH, CLIFFORD SEARL, Electrician, So. 
California Edison Co., Big Creek, Calif. 

FOSTER, NEVILLE C., Purchasing Agent, 


The Ohio Public Service Co., 1800 B. F. 
Keith Bldg., Cleveland, Ohio. 
FRANKENFIELD, PAUL T., Mechanical 


Equipment Draftsman, Jacoby & Everett, 
623 Commonwealth Bldg., Allentown, Pa. 

*FROST, GEORGE, Engineer & Manager, 
Bristol Electric Light Co., Bristol, N. H. 

FUKAWO, EISHIRO, Electrical Engineer, 
Bureau of Electricity, Dept. of Communica- 
tions, Tokyo, Japan. 

GAMBLE, CARROLL ELLISON, Switchboard 
Operator, Carolina Power & Light Co., 
Moncure, N. Carolina. 

GLOCK, CHARLES AUGUSTUS, Asst. Test 
Engineer, Chile Exploration Co., Chuquica- 
mata, Chile, S. A. 

GOTTFRIED, HENRY WILLIAM, Contracting 
& Sales Engineer, Siemens-Schuckert, Oliver 
Bldg., Mexico, D. F., Mex. 

GUMBART, HAROLD ELTING, Dist. Sales 
Manager, Foreign Dept., Standard Oil Co. of 
New York, 26 Broadway, New York, N. Y.; 
for mail, Hongkong, S. China. 


HAND, EDWIN WALKER, Electrician, West 
Penn Power Co., Wellsburg, W. Va.- 


HANSEN, EDMUND HENRY, Engineer ; 
International News Service, 246 W. 59th Sty 
New York, N. Y. 

HARBER, FRANK OLLERENSHAW, 
Draughtsman-Engineer, Switchgear Dept. 
Metropolitan Vickers Electric Co., Ltd 
Manchester; for mail, Stredford, ie 
Eng. 

HARVEY, JOHN L., Opereine ingine : 

- Adirondack Power & Light Corp., Syos 1 
tady, N.Y. 

HEALEY, WARREN OC., Sales mneinset 
Westinghouse Elec. & Mfg. Co., 717 By 12th 
St., St. Louis, Mo. 

HENN, WILLIAM FREDERICK, Gonshanciiald 
Engineer, General Electric Co., be 

. Bldg., Philadelphia, Pa. ’ 

HERBST, R. J., Salesman, Westinghouse Elec. & 
Mfg. Co., 717 S. 12th St., St. Louis, Mo. 

HOGAN, JOHN F., Graduate Student, with 
Westinghouse Elec. & Mfg. Co., _ Hast 
Pittsburgh, Pa.; res., Brooklyn, N. Y. 

HOLTZBERG, A. G., Draftsman, Switchboard 
Dept., Westinghouse Elec. & Mfg. Oous 
East Pittsburgh; res., Pittsburgh, a : 

HON, T. H., Electrical Research 
Thomson Research Laboratory, r 
Electric Co., West Lynn; res., Lynn, Mass 

HUMPHREYS, JOHN FRANCIS, 
vice Electric & Gas Co., 
res., Hasbrouck Heights, N. J. ea 

ISELE, HAROLD ADOLPH, Radio Corp. of 

: America, Rocky Point, N. Y. . 

JACOBSON, MOSES, Colonial Radio Com. 
East Ave. & 10th St., Long ae 
res., New York, N. Y. | 

JANSSEN, HENRY W., mectteall 
International Electric & Mach. -Co., 525 So 
Los Angeles St., Los ee Calif, Fok in 


Japan. 


v. 1925 


R, ERNEST, Chief Engineer & Secretary, 
Cc. E. Mfg. Co., Inc., & Providence Dis- 
tributing Co., 702 Eddy St., Providence, R. I. 
LER, HENRY WALLACE, H. T. Under- 
ground Cables, Columbus Railway, Power 
& Light Co.. Columbus, Ohio. 

: ERSTEDT, HERBERT P., Student, 
F ‘Pratt Institute, 261 Ryerson St., Brooklyn, 

4g 

1 CHUM, WILLIAM DAVIES, Standardiz- 
ing \\Laboratory, General Electric Co.. 


ES, DONALD C., Superintendent, Grange- 
"ville Electric Light & Power Co., Orofino, 
Idaho. 

DER, LORENZO Z., Asst. Elec. Engineer, 
Union Gas & Electric Co., 1107 Plum St., 
_ Cincinnati, Ohio. 

-EBS, WILLIAM WHISNER, Asst. in 
charge of Rural Extensions, Roanoke Railway 

__ & Electric Co., Roanoke, Va. 

MAN, WILLIAM JACOB, Electrician’s 
8rd Mate, U. S. Navy, U. S. 8. Concord, 
¢/o Postmaster, New York, N. Y. 

4 DAVID LLEWELLYN, Electrical 
Engineer, Westinghouse Elec. & Mfg. Co., 
East Pittsburg; res., Wilkinsburg, Pa. 
REMAN, FREDRIK, Electrical Engineer, 
Allamanna  Telefonaktiebolaget, L. M. 
mabe Ericsson, Dobelnsgatan 18, Stockholm, 

Sweden. 
VELL, CARL ALLEN, Resident Engineer, 
Day & Zimmerman, Saxton; res., Hunting- 
7 Pa. 
N, CHARLES SUMNER, Hugh L. 
Cooper & Co., Wilson Dam, Florence, Ala. 

DDEN, HARRY CLEVELAND, 56 
Irving Place, Passaic, N. J. 

iE, DONALD EWAN, Electrician, Mech. 
“Dept., Frisco R. R., Fort Worth, Texas. 

c , MOSES MILLER, Asst. Electrical 
Engineer, New York Telephone Co., 204 
2nd Ave., New York, N. Y. 

UGHLIN, RALPH ALBERTUS, Tester, 
Western Electric Co., Inc., Magee Bldg., 
Pa: 

OUL, LEO, Electrical Contractor, 1813 


ee 


A. JIMENEZ, Electrical Engjneer, 

0 Rico Railway, Light & Power Co., 

Juan, P. R. 

R, HOWARD LEWIS, Electrical Estima- 

, Woodfield-Thompson Co., 1619 Sansom 

Philadelphia, Pa. 

iR, OSCAR GEORGE, Sales Engineer, 

ndard Underground Cable Co., 50 

hurch St., New York, N. Y. 

SIAN, GEORGE TALMAGE, Chief, 

¥ Technical Bureau, Dist. & Inst. Dept., 

The New York Edison Co., 130 E. 15th St., 
4 York; res., Glen Ridge, N. J. 

DI, SAVERIO, Station Tester, Brooklyn 

S Co., 14 Rockwell Place, Brooklyn, 


, BRENCHLEY, Electrical Engineer, 

Gramophone Co., Ltd., Hayes, Middle- 

res., Iver, Bucks, Eng. 

OMERY, ROGER, Distribution Design 
eer, Philadelphia Electric Co., 2301 

rket St., Philadelphia, Pa. 

2ONE, ANTHONY, Construction Dept., 

yn Edison Co., Brooklyn, N. Y. 

. SYDNEY ALBERT, Engineering Staff, 

“The City of Santos Improvements Co., Ltd., 

xa 4, Santos, Brazil, So. Amer. 

, MATTHEW FRANCIS, Inspector, 

oklyn Edison Co., 11 Bond St., Brooklyn; 

, Oyster Bay, N. Y. 

L, BENJAMIN EDUARDO, Service 

eer, Sleeper Radio Corp., 438 Wash- 

mn Ave., Long Island City, N. Y. 

D, LOUIE CLARK, Chief Engineer, 

cinnati & Suburban Bell Telephone Co., 

E. 4th St., Cincinnati, Ohio. 

ANT, THOMPSON, Charge Engineer, 

ricity Dept., Shanghai Municipal Coun- 
|, 17 Foochow Road, Shanghai, China. 


INSTITUTE AND RELATED ACTIVITIES 


OMHALT, OLAV, Draftsman, Westinghouse 
Elec. & Mfg. Co., Sharon, Pa. 

PASCOE, WILLIAM T., Sr., Switchboard 
Engineer, Westinghouse Elec. & Mfg. Co., 
717 S: 12th St., St. Louis, Mo. 

PEIRCE, CHARLES L.. Jn., Manager, Electrical 
Materials Dept., Hubbard & Co., 6301 
Butler St., Pittsburgh, Pa. 

PETERSON, RALPH WALDO, Asst. Valuation 
Engineer, Murrie & Co., Inc., 45 E. 17th St., 
New York, N. Y. 

PINERO, GERARDO, Engineer, Porto Rico 
Railway, Power & Light Co., San Juan, P. R. 


POSTAL, HARRY, 1773. Amsterdam Ave., 
New York, N. Y. 
PRIGMORE, D. C., Operating Dept., Bureau of 


Power & Light, 

Angeles, Calif. 
RIPLEY, DUANE LATHROP, Electrical Test- 

ing Laboratories, 80th St. & East End Ave., 


City of Los Angeles, Los 


New York; res., Brooklyn, N. Y. 

*SERENTIO, JAMES ARTHUR, Contractor, 
23 Willow St., Astoria, N. Y. 

SHEPARD, ROBERT BLANCHARD, Electrical 
Engineer, Underwriters’ Laboratories, 100 
Leonard St., New York, N. Y. 

SICONOLFI, MICHELE, Draughtsman, 1998 


Madison Ave., New York, N. Y. 
STEIN, ALBERT P., Construction Work, 
Public Service Co. of Northern Illinois, 


Evanston; res., Chicago, Il. 

STEINKAMP, ALBERT LOUIS, Commercial 
Engineer, General Electric Co., Ft. Wayne, 
Ind. 

WADE, ERNEST M., Electrical Foreman, 
Maine Central Railroad, Brunswick; res., 
Augusta, Maine. 

WALKER, ROBERT JOHN, Lieut., U. S. N., 


Senior Asst. Engineer, U. S. S. Mississippi, 
San Francisco, Calif. 

WATSON, WILLIAM, Asst. Electrical Engineer, 
Sir W. G. Armstrong Whitworth & Co., Ltd., 
Deer Lake, Newfoundland. 

WETMORE, HAROLD DOUGLAS, Electrical 
Tester, United Electric Lt. & Pr. Co., 
514 West 147th St., New York, N. Y. 

WILSON, HENRY EDGAR, Engg. Dept., 
Carolina Power & Light Co., Raleigh, No. 
Car. 

WONHAM, 
Engineer, Montreal Tramways Co., 
St., Montreal, Que., Can. 


WALTER RICHARD, Electrical 
16 Cote 


*WOODBURY, eis Junior Patent Ex- 
aminer, Div. 51, U. S. Patent Office, Wash- 
ington, D. C. 


YOUNG, CHARLES ESTEL, Equipment Chief, 
Western Union Telegraph Co., 7th & Walnut 
Streets, Kansas City, Mo. 

ZIA, YOUSSOUF, 740 Langdon St., 
Wis. 

ZIMMERMAN, LLOYD D., Sales Engineer, 
Westinghouse Elec. & Mfg. Co., 717 S. 
12th St., St. Louis, Mo. 

Total 96 

*Formerly Enrolled Students 


Madison, 


ASSOCIATES REELECTED 
| OCTOBER 14, 1925 

BEMAN, RANSOM HAY, Asst. Electrical 
Engineer, Detroit Dept. of Street Railways, 
Detroit, Mich. 

BOTTIMER, GORDON W., Operating Dept., 
Detroit Edison Co., 2000 Second Ave., 
Detroit, Mich. 

ERB, WILLIAM, Engineer, Southern Bell Tel. & 
Tel. Co., 1620 Hurt Bldg., Atlanta, Ga. 
MOORE, JOHN THOMAS, Jr., Electrical 
Engineer, Construction Div., U. 8S. Veterans 

Bureau, Washington, D.C. 

PROUT, CURTIS, Ass’t to Director of Training, 
Scovill Mfg. Co., Waterbury; res., Water- 
town, Conn. 

WEST, JOHN WALTER, Jn., Service Engineer, 
American Gas Association, 342 Madison 
Ave., New York, N. Y. 
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MEMBERS ELECTED OCTOBER 14, 1925 


CHASE, CLADD HOPKINS, Asst. Distribution 
Engineer, Brooklyn Edison Co., 360 Pear! St., 
Brooklyn, N.Y. . 

EDSON, WILLIAM WALTER, Electrical En- 

“gineer, Station Engg. Dept., Edison Electric 
Illuminating Co. of Boston, 39 Boylston 
St., Boston; res., Newtonville, Mass. 

KAMENSKY, MICHAEL D., Asst. Technical 
Manager, Direction of United Gov. El. 
Stations, Gogol Str. 14, Leningrad, Russia. 

PUMPHREY, FRED HOMER, Technical En- 
gineer, Staten Island Edison Corp., Living- 
ston Power Plant; res., Port Richmond, N. Y. 

RAVEN-HART, ROLAND JAMES MILLE- 
VILLE, Telegraph Supt., Transandine Rail- 
ways, Los Andes, Chile; for mail, Necochea 
y Peru, Mendoza, Arg. Rep., So. Amer. 

SANBORN, CARL ARTHUR, Consulting Elec. 
& Mech. Engineer, 357 S. Hill St., Los 
Angeles, Calif. 


TRANSFERRED TO GRADE OF FELLOW 
OCTOBER 14, 1925 


AUSTIN, ARTHUR O., Manager and Chief 
Engineer, Ohio Insulator Co., Consulting 
Engineer, Ohio Brass Co., Barberton, O. 

BENNETT, CHARLES E., Electrical Engineer, 
Georgia Railway & Power Co., Atlanta, Ga. 

DUBILIER, WILLIAM, President and Technical 
Director, Dubilier Condenser and Radio 
Corp., New York, N. Y. 

JOHNSON, CARL E., Vice-President and 
Secretary, U. S. Electrical Mfg. Co., Presi- 
dent, U. S. Industries, Inc., Los Angeles, 
Calif. 

TRANSFERRED TO GRADE OF MEMBER 

OCTOBER 14. 1925 

GILLER, FREDERICK S., European Plant 
Engineer, International Western Electric Co., 
London, England. 

TALBOT, HERBERT L., 
Engineer, Porto Rico Railway 
Power Co., San Juan, P. R. 

VAN DEVENTER, HARRY R., Vice-President, 
Dubilier Condenser & Radio Corp., New 
York, JIN:.¥. 

RECOMMENDED FOR TRANSFER 
The Board of Examiners, at its meetings held 

October 5 and 16, 1925, recommended the follow- 

ing members for transfer to the grade of member- 

ship indicated. 


To Grade of Fellow 
PANNELL, ERNEST V., Technical Adviser to 


Acting Chief Electrical 
Light & 


the British Aluminum Co., New York. 
To Grade of Member 
BAILEY, EDGAR L., Electrical Engineer, 


Detroit, Mich. 
BARTON, ROBERT C., Engineer on Construc- 


tion Methods, Pacific Tel. & Tel. Co., 
San Francisco, Calif. 
BROWN, HARRY F., Assistant Electrical 


Engineer, N. Y. N. H. R. R. Co., New 
Haven, Conn. 

CAMP, C. R., Head Draftsman, Commonwealth 
Edison Co., Chicago, Il. 

CANNADY, N. E., State Electrical Engineer, 
Raleigh, N. C. 

CODDING, HENRY W., Assistant Engineer, 
Elec. Engg. Dept., Public Service Production 
Co., Newark, N. J. 

COLEY, WALTER R., Plant Superintendent, 
Leeds & Northrup Co., Philadelphia, Pa. 


CROTHERS, HAROLD M., Professor of 
Electrical Engineering, South Dakota State 
College, Brookings, S. D. 


D’ALTON, F. K., Assistant Laboratory Engineer, 


& H. 


Hydro-Electric Power Commission of 
Ontario, Toronto, Ont. 
DANA, ALAN S., Research Engineer, Kerite 


Insulated Wire & Cable Co., Seymour, Conn. 


DAVIS, LEE I., Test Engineer, Otis Eievator Co., 
Yonkers, N. Y. 
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DELAFIELD, Electrical Research 
Engineer, Safety Insulated Wire & Cable 
Co., Bayonne, N. J. F 

FINCH, FLOYD R., Electrical Engineer, 
General Electric Co., Pittsfield, Mass. 

GAGE, DAVID H., Foreign Wire Relations 
Engineer, Postal Telegraph-Cable Co., New 
York, N. Y. 

GEORGE, F. R., Engineer of Operation, Pacific 
Gas & Electric Co., San Francisco, Calif. 
HALL, HERBERT S., Electrical Engineer on 

Valuation, Murrie & Co., New York, N. Y. 

HYER, RAYMOND G., Superintendent Design 
& Construction, Westchester Lighting Co., 
Yonkers, N. Y. 

JOLLYMAN, JOSIAH P., Chief, Div. of Hydro- 
electric & Transmission Engineering, Pacific 
Gas & Electric Co., San Francisco, Calif. 

KRUG, FREDERICK, Superintendent of Power 
Production, Porto Rico Railway, Light & 
Power Co., San Juan, P. R. 

MACK, CARL T., Attorney at Law, 
Causes, Washington, D.C. 

MacLAREN, MALCOLM, Professor of Electrical 
Engineering, Princeton University, Princeton 
eee 

McCABE, GORDON 
Operating Dept., 
Detroit, Mich. 

METZENHEIM, HENRY H., 
Electricity & Mathematics, 
nical School, Newark, N. J. 

MICHETTI, O. D., Lieut. Commander, Engineer- 
ing, Argentine Navy, Quincy, Mass. 

PAXTON, E. B., Engineer, General Engineering 
Dept., General Electric Co., Schenectady, 
ep & 

REID, MEREDITH W., Electrical Engineer, 
General Engineering & Management Corp., 
New York, N. Y. 

RUSSELL, ROY &E., 
York Co., Detroit, 

SINGLETON, L. D., 


DvuBOIS, 


Patent 


Bs 
Detroit 


Technical Engineer, 
Edison Co., 


Instructor in 
Newark Tech- 


Estimator, Frank J. 
Mich. 


Senior Field Electrical 


Engineer, Braden Copper Co., Rancagua, 
Chile, 

SMITH, LOUIS G., Assistant to General Super- 
intendent, Consolidated Gas, Electric Light 
& Power Co., Baltimore, Md. 

SNYDER, EDWARD B., Manager, Sales & 
Engineering, Hi-Tension Ins. Diy., Ohio 
Brass Co., Mansfield, Ohio. 


SPOONER, HENRY W., Engineer, The Founda- 
tion Co., New York, N. Y. 

STEMLER, EDWARD J., Chief Operator, 
Interborough Rapid Transit Co., New York, 
i MPN 

TALBOT, EMMETT D., Engineer, Bell Tele- 
phone Laboratories, New York, N. Y. 

TOUR, GREGORY 1I., Assistant Engineer, 
Stone & Webster, Inc., Boston, Mass. 

TRUEBLOOD, HOWARD M., Engineer, Dept. 
of Development & Research, American 
Telephone & Telegraph Co., New York, N. Y. 

vAN KIEUKERKEN, J. M., Assistant Engineer, 
Oleveland Union Terminals Co., Cleveland, 
Ohio. 

VINET, EUGENE, Assistant to Vice-President 
in charge of Engineering,. Middle. West 
Utilities Co., Chicago, Il. 

WOOD, E. M., Assistant Engineer, Hydro- 
Electric Power Commission, Toronto, Ont. 

APPLICATIONS FOR ELECTION 

Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the institute. Unless otherwise 
indicated, the applicant has applied for admis- 
sion as an Associate. If the applicant has applied 
for direct admission to a higher grade than Asso- 
ciate, the grade follows immediately after the 
name. Any member objecting to the election 
of any of these candidates should so inform the 

Secretary before November 30, 1925. 

ae ea M., The Foundation Co., New York, 

eacaares J.P., Alabama Power Co., Birmingham, 
Ala, 


INSTITUTE AND RELATED ACTIVITIES 


Barber, H. O., Puget Sound Power & Light Co., 
Snoqualmie, Wash. 


Bates, L. W., Appalachian Power Co., Bluefield, 
W.Va. 
Best, E. W., De Vilbiss Mfg. Co., Toledo, Ohio 


Boothe, E. F., Marshall Electric Co., St. Louis, 
Mo. 

Brand, J., Electrical Engineer, 868 McAllister St., 
San Francisco, Calif. 

Busch, H. W., Ware Radio Corp., New York, 
NGI 

Carver, D. W., Brevard County Power 
Melbourne, Fla. 

Cassell, W. L., 


Co., 


Colo. 

Caylor, R. A., The E. H. Walker Co., Toledo, 
Ohio 

Christie, S. L.FJr., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 


Connolly, R. C., Western Sugar Refinery, San 
Francisco, Calif. 

Conoley, A. G., American Tel. 
Atlanta, Ga. 

Corcoran, H. R., Electric Controller & Mfg. Co., 
Cleveland, Ohio r 

Crandall, R. J., National Lamp Works, G. E. Co., 
Nela Park, Cleveland, Ohio ” 

Cullinan, C., Public Service Production Corp., 
Newark, N. J. 

Davis, R. F., American Tel. & Tel. Co., New 
York, N.Y. 

Dean, S. M., The Detroit Edison Co., Detroit, 
Mich. 

Dearlove, T. C., Elec. Engg., 48 Cornwall St., 
Toronto, Ont., Can. 

de Veyher, C., So. California Telephone Co., 
Los Angeles, Calif. 

Diggins, G. J., Jr., Gibbs & Hill, New York, N. Y. 

Ditesheim, G. J., Movado Co., New York, N. Y. 

Dow, J. L., (Member), Bell Tel. Laboratories, Inc., 
New York, N. Y. 

Dreese, E. E., (Member), Lincoln Electric Co., 
Cleveland, Ohio 

Drushel, R. W., The Ohio Publie Service Co., 
Alliance, Ohio 

Eckersley, J., Toronto Hydro-Electric System, 
Toronto, Ont., Can. 

Elberty, R. S., Jr., American Laundry Machinery 
Co., Norwood, Ohio 

Emanuels, H. S., Fairbanks 
Seattle, Wash. 

Fanaff, P. A., Electrical Work, Toledo, Ohio 

Fleming W. R., Commonwealth Edison Co., 
Chicago, Ill. 

Frum, A., 42 W. 66th St., 

Gardner, J. H., Jr., 
Columbus, Ohio 

Gettess, G. H., The Detroit Edison Co., Detroit, 
Mich. 

Griswold, R. G., Purdue University, 
Lafayette, Ind. 

Hardy, R. S8., Niagara, Lockport & Ontario 
Power Co., Buffalo, N.Y. 

Hoffman, H. J., General Electric Co., Erie, Pa. 

Horn, H. G., General Electric Co., Pittsfield, 
Mass. 

Howerth, D. G., Adirondack Power & Light 
Corp., Schenectady, N. Y. 

Hubbard, McC., Southern Utilities Co., West 
Palm Beach, Fla. 

Hubinger, J. E., Jr., Mississippi River Power Co., 
Keokuk, Iowa 

Isaac, A. C. 'T., General Electric Co., Pittsfield, 
Mass. 

Johnston, R. F., General Electric Co., New York, 

Pe TABS 

Kirby, G. R., Alabama Power Co., Albany, Ala. 

Koldoff, A. G., Western Electric Co., Cicero, Ill. 

Kopatzke, G. A., Wagner Electric Corp., Mil” 
waukee, Wis. 


Larson, N. G., The International Paper Co., 
New York, N. Y. 


& Tel. Co., 


Morse & Co., 


New York, N. Y. 
Capt., U. S. A., Fort Hayes, 


‘West 


Leroy, E. R., New York Telephone Co., New 
York, N. Y. 

Lochner, B. R., Wesdnatouse Elec, &!Mfg. Co., 
Sharon, Pa. 


University of Colorado, Boulder, | 


Journal . 


MeNair2J. W., United Electric sa. ‘ 
Co., New York, N. Y. : 
Miller, W. G., Electric Bond & sh 
New York, N. Y. A 
Milton, R. M., U. S. Engineer Office, | W 
Dam, Florence, Ala. 
Myers, F. W., United Power & Light Cc 
Hutchinson Kans. 
Mykland, G., 92 Columbia Heights, Broo 
IN pe 
Nelson, E. P., United Electric Light & Power 
New York, N. Y. 
O'Shea, M. V., Jr., 529 N. Pinckney Sta Aa ( 
Wis. b> 
Palmer, H B., University of Oolenaaes Boul cd 
Colo. 
Parry. E. M., 202 Howard St., Paseales Par 
New. 
Pettersen, H. C., Commonwealth Edison Co 
Chicago, U1. 
Pullen, J. T., Jr., Southern Utilities Co., We 
Palm Beach, Fla. 1 
Pyle, M., Puget Sound Power & Light Oo, 
Wenatchee, Wash. 
Quinn, J. J., Duquesne Light Co., Pittsburgh, F 
Richards, K. W., Public Service Electric & G 
Co., Newark, N. J. 
Robinson, T. A., Northern States Power: cc 
St. Paul, Minn. é 
Roitburd, B., 2905 Grand Concourse, eo N 
YorkaN,. ¥. ‘ 
Rote, O. C., General Electric Co., achenpeqaae 
Ne 
Rump, 8., (Member), Yarmouthyille, Maine — 
Ruth, C. W., (Member), C. W. Ruth Enginee 
Co., Chicago, Il. 
Salerno, M. J., 515 W. 111th St., New York, N.Y 
Sandstrom, P. N., Commonwealth Edison et 
Chicago, Il. 
Sayre, E. R., Hart & Hegeman Co., Chicago, me 
Schenck, I. P., Day & Zimmerman, Philadelphia; ‘ 
Pa. 
Scott, A. H., General Electric Co., Pittsfield, Mass. — 
Scudder, F. J., (Member), Bell Tel. Loborafenk 
Inc., New York, N. Y. 
Socolofsky, P., Pratt Institute, Brooklyn, N. Ste 
Simpson, W. L., Canadian & General inane 
Co., Toronto, Ont., Can. : 
Sivian, L. J., Bell Telephone Laboratories, Ine 
New York, N. Y. : 
Starosselsky, D. V., Brooklyn Edison | Co. 
Brooklyn, N. Y. 
Stewart, P. B., Union Gas & Diese ©o 
Cincinnati, Ohio ag! 
Summers, C. H., Jr., Southern vues Oo. sas 
West Palm Beach, Fla. es 
Summers, ©. J., U. S. 8S. New Mexico, ¢/o 
master, San Francisco, Calif. : 
Taylor, P. B., Engineering Schoey . 
Institute, Philadelphia, Pa. 


Post- 


York, N, y. 
Thomason, F, L., Murrie & Co., New York c 
Thompson, $8. M., Bureau of Power & | 

City of L. A., Los Angeles, Calif. | 3 
Tracey, F. S., Lockport & Newfane Pr. & | 

Supply Co., Middleport, N.Y. 
van Meeteren, W., (Member), Siemens 

S. A. Mexico, D. F., Mex, 
Wilkinson, G. D., Western Union T 

New York, N. a 


Panacea Pak 
Total 89 Si 
Foreign 
Aschman, G. D., Public Works Dept. 
New Zealand bs 
Bourchier, L. H. J., Radio Telegrapl Si 
British Honduras : 
Bracken, H. P., Sao Paulo Blectric be 
Falls, Brazil, S. America 
Matunaga, Y., Shibaura Engine 


Redpath, R. A., A. D. Riley” & 
ton, New Zealand 


» Nov. 1925 ° 


Y Tretiak, G. T., (Member), Electrotechnical 
F Institute, Leningrad, Russia 
Total 6 , 


STUDENTS ENROLLED 
“OCTOBER 14, 1925 


_Adey, Edwin A., Jr., Cornell University 
Aikman, R. P., Kansas State Agricultural College 
Alberga, Glenn H., Cornell University 
Alworth, Cecil D., University of Oklahoma 
Alworth, Thomas J., University of Oklahoma 
Bauschman, Roland T., Cornell University 

- Beardslée, Robert W., West Virginia University 
Beavers, Martin F., Alabama Polytechnic 

Institute 

Best, Ralph W., Lehigh University 
Boyden, Elwin C., Northeastern University 
Brentnall, Elbert L., Montana State College 
Brick, Joseph D., Cornell University 
Carroll, William L., Mass. Institute of Technology 


Carter, Harold B., Kansas State Agricultural 

; College 

Covington, Henry H., Jr., Virginia Military 
Institute 


Cramer, Theron A., Bucknell University 
Devine, Bernard A., University of Santa Clara 
Dew, Philip H., Virginia Polytechnic Institute 
Dixon, Fred C., Bucknell University 
Durbeck, Edw. F., Jr., University of Oklahoma 
Eakin, John W., University of Tennessee 
Edson, Carl R., Northeastern University 
Ellis, Samuel D., Jr., Rice Institute 
Grabau. Francis W., Northeastern University 
Gray, Walter M., Northeastern University 
_ Hafer, Luther S., Lafayette College 

Harder, Edwin L., Cornell University 
Harrison, James A., University of Santa Clara 
Hartsfield, James M., Jr., Rice Institute 


President 
M. I. PUPIN 


Junior Past Presidents 
FARLEY OSGOOD Sf 


Vice-Presidents 


ROLD B. SMITH 
DWARD BENNETT 


OFFICERS OF A. I. E. E. 1925-1926 


ARRIS J. RYAN 
P, M. DOWNING 


INSTITUTE AND RELATED ACTIVITIES 


Hermon, Ralph, Kansas State Agricultural 
College 

Hixon, Willard M., Kansas State Agricultural 
College 


Holbird, James R., University of Oklahoma 
Howdeshell, Allen, D., Texas A. & M. College 
Hufeisen, J. Laurence, University of Santa Clara 
Huff, John F., Kansas State Agricultural College 
Hunt, Lendon, University of Oklahoma 

Hunter, M. Irwin, Cornell University 

Johnson, J, O,, Kansas State Agricultural College 
Keiper, Phillip C., University of Oklahoma 


Kerns, Albert H., Kansas State Agricultural 
College 

Krummel, Robert L., Mass. Institute of 
Technology 


Lawyer, Nevin D., Johns Hopkins University 

Locher, Howard H., Purdue University 

Lundy, Curtis S., South Dakota State College of 
A. & M. Arts 

MaCarthy, Norman F., Northeastern University 

MacCarthy, Donnell D., Cornell University 

Martz, James V., Bucknell University 

Miller, Carl G., Cornell University 

Miller, Carl H., Kansas State Agricultural College 

Miller, Charles W., Northeastern University 

Miller, Horace G., Kansas State Agricultural 
College 

Miramontes, Frank C., University of Santa Clara 

Moore, Samuel E., Virginia Polytechnic Institute 

Morganstern, Richard R., Cornell University 

Murphy, James F., Kansas State Agricultural 
College 

Nelson, C. Wesley, Northeastern University 

Norton, Fred L., University of Tennessee 

Odell, Norman 8., Corneil University 

Ortega, M., Rolfo, Escuela Ingenieros Mecanicos y 
Electricistas 
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Owens, Richard M., Harvard University 
Rex, Earle C., University of Notre Dame 
Roess, Louis C., Cornell University 

Rose, Eugene E., Jr., Cornell University 
Schurr, Frederick F., Cornell University 
Schwarze, Karl A., University of Santa Clara 


Seifkin, Ernest R., Kansas State Agricultural 
College 

Shaw, Frank W., Kansas State Agricultural 
College 

Shepherd, Paul A., Kansas State Agricultural 


College 
Shults, John E., Cornell University 
Sloan, Clarence A., Kansas State 
College 
Smith, Clarence W., Northeastern University 
Speck, John K., University of Oklahoma 
Sproul, H. Web, Kansas State Agricultural 
College 
Steiger, Benjamin F., Cornell University 
Stevens, Clarence R., University of Oklahoma 
Teixeira, George, University of Santa Clara 
Ten Broeck, Robert L., Lafayette College 
Theberge, Albert R., Northeastern University 
Tosi, Alexander A., University of Santa Clara 
Van Noy, Thomas A., Montana State College 
Vasconcellos, John B., University of Santa Clara 
Volkel, Forrest B., Kansas State Agricultural 
College 
Vukota, John E., University of Santa Clara 
Widdowfield, William ©., Lehigh University 


Winter, H. LaMont, Bucknell University 
Wood, Frederick L., Brown University 


Agricultural 


Woodman, Lawrence E., Kansas State Agricul- 
tural College 

Yost, John, Kansas State Agricultural College 

Total 88 


SPECIAL COMMITTEES 


INSTITUTE PRIZES—POLICIES AND PRocEeDURE, L. W. W. Morrow 
LICENSING OF ENGINEERS, Francis Blossom 
TECHNICAL Activitigs, A. G, Pierce 


TECHNICAL COMMITTEES AND CHAIRMEN 


CoMMUNICATION, H. P. Charlesworth 


Epucation, Harold Pender 
ELecTricaAL MACHINERY, H. M. Hobart 


APPLICATIONS TO IRON AND STEEL Propuction, F. B. Crosby 


OHN HARISBERGER W. E. M ELL ELECTROCHEMISTRY AND ELECTROMETALLURGY, George W. Vinal 
_ L, PF, MOREHOUSE ARTHUR G. PIERCE Evectropuysics, J. H. Morecroft 
_H. W. EALES W. P. DOBSON INSTRUMENTS AND MEASUREMENTS, A. E. Knowlton 
Managers 
M. HOBART z OHN B. WHITEHEAD PRODUCTION AND APPLICATION oF LiGuT, Preston S. Millar 
ST LUN . M. BRYANT APPLICATIONS TO MARINE Work, L. C, Brooks 
L. KNIGHT . B. MERRIAM APPLICATIONS TO MINING Work, F. L. Stone 
LLIAM M. McCONAHEY M. M. FOWLER GENERAL PowER Applications, A. M. MacCutcheon 
. K, VANDERPOEL H. A. KIDDER Power GENERATION, Vern E, Alden 


E. C. STONE 


National Secretary 
F. L. HUTCHINSON 


Honorary Secretary 
RALPH W. POPE 


“ LOCAL HONORARY SECRETARIES 
Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S.A. _ 
M. Mauseau, Caixa Postal No. 571, Rio de Janiero, Brazil, S. A. 
tles le Maistre, 28 Victoria St., London, S. W. 1, England. 
Garfield, 45 Bd. Beausejour, Paris 16 E, France. 3 
P. Gibbs, Tata Sons Ltd., 24 Bruce Road, Bombay—1, India. 
Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 
eporee. Kyoto Imperial University, Kyoto, Japan. 
. H. Powell, Canterbury College, Christchurch, New Zealand. 


P. CHARLESWORTH 


___ National Treasurer 
GEORGE A. HAMILTON 


ae F, Enstrom, 24a Grefturegatan, Stockholm, Sweden. 
W. Elsdon-Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa. 


A. I. E. E. COMMITTEES 


“4 r (A list of the personnel of Institute committees may be found in the September 
1 of the JOURNAL.) 


GENERAL STANDING COMMITTEES AND CHAIRMEN 

UTIVE, M. I. Pupin 
ANCE, G. L. Knight 

EETINGS AND PAPERS, E. B. Meyer 
a ICATION, L, F, Morehouse 
RDINATION OF INSTITUTE AcTIVITIES, Farley Osgood 
OF EXAMINERS, Erich Hausmann 
tons, Harold B. Smith 
T BRANCHES, C. E. Magnusson 
BERSHIP, J. L. Woodress 
QUARTERS, H. A. Kidder 
W. I. Slichter 

Poricy, Gano Dunn 
»ARDS, H, S. Osborne 
IN MepAL, Gano Dunn F 
OF PRINCIPLES OF PROFESSIONAL Conpuct, John W. Lieb 
(BIA UNIVERSITY SCHOLARSHIP, W. I. Slichter 

~D OF INSTITUTE PrRizEs, E. B. Meyer 
F Coves, Paul Spencer 


PowER TRANSMISSION AND DISTRIBUTION, Percy H. Thomas 
Protective Devices, E. C. Stone 
RESEARCH, John B. Whitehead 


A. I. E, E. REPRESENTATION 


(The Institute is represented on the following bodies; the names of the 
representatives may be found in the September issue of the JOURNAL.) 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, COUNCIL 
AMERICAN BUREAU OF WELDING 
AMERICAN COMMITTEE ON ELECTROLYSIS 
AMERICAN ENGINEERING COUNCIL 
AMERICAN ENGINEERING STANDARDS COMMITTEE 
AMERICAN MARINE STANDARDS COMMITTEE 
AMERICAN YEAR Book, ApyisoRY BOARD 
APPARATUS MAKERS AND USERS COMMITTEE 
Boarp oF TRUSTEES, UNITED ENGINEERING SOCIETY 
Cares A. Corrin FeLLowsHie AND RESEARCH FUND COMMITTEE 
COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF INDUSTRIAL ENGINEERS 
ENGINEERING FOUNDATION BOARD 
Joun Fritz MepaLt Boarp or AWARD 
Jornt COMMITTEE ON WELDED RAIL JOINTS 
Joint CONFERENCE COMMITTEE OF Four FOUNDER SOCIETIES 
Lrsprary Board, UNITED ENGINEERING SOCIETY 
NATIONAL FIRE PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE 
NATIONAL Fire WASTE COUNCIL 
NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 
NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF ENGINEERING SECTION 
THE NEWCOMEN SOCIETY 
SoclETY FOR THE PROMOTION OF ENGINEERING EDUCATION, BOARD OF INVESTI- 
GATION AND COORDINATION 


U. §. NATIONAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL 
COMMISSION 
U. S. NATIONAL COMMITTEE OF THE INTERNATIONAL. ILLUMINATION Com- 


MISSION 
WASHINGTON AWARD, COMMISSION OF 


A. I. E. E. SECTIONS AND BRANCHES 


- See the September issue for the latest published list. The Institute now 
has 49 Sections and 81 Branches. 
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DICEST OF CURRENT INDUSTRIAL NEWS 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Mailed to interested readers by issuing companies. 


Parkway Cable.—Bulletin, 24 pp. Describes steel taped 


parkway cable, and illustrates many of its applications. The 
Okonite Company, Passaic, N. J. 
Recording Pyrometers.—Bulletin 1-13, 12 pp. Describes 


Brown new design recording pyrometers. The Brown Instru- 
ment Company, Wayne & Windrim Aves., Philadelphia, Pa. 

Transformer .—Bulletin 2048, 12 pp., Pittsburgh 
polyphase transformer test connection diagrams. Pittsburgh 
Transformer Company, Pittsburgh, Pa. 

Blower Fans.—Bulletin 6103, 32 pp. Describes 
high speed fans for direct-connected motor drive. 
Blower Company, Detroit, Mich. 

Motors.—Bulletin 4000, 16 pp. Deseribes ‘‘Reliance’’ a-e. 
and d-e. ball and roller bearing motors. Reliance Electric & 
Engineering Company, 1042 Ivanhoe Road, Cleveland, O. 

Combination Testing Instrument.—Folder describes the 
“Avo” tester, a small pocket sizo instrument,—combination 
ammeter, voltmeter and ohmmeter. Electrical Engineering 
Service, 15 Park Row, New York. 

Adjustable Lighting Fixtures.—Catalog 36, 20 pp. 


gives 


““American”’ 
American 


De- 


seribes ‘“‘White’’ adjustable electric light fixtures for indus- 
trial, office and home use. O. C. White Company, Worcester, 
Mass. 3 


Bus Supports.—Bulletin 31-B, 48 pp. Describes and illus- 
trates a complete line of high tension bus supports, giving 
detailed dimensions of supports up to and ineluding 120 kv. 
Delta-Star Electric Company, 2400 Block Fulton Street, 
Chicago, Ill. 

Welding Rods.—Booklet, 28 pp. Describes the properties 
of iron and steel filler rods for both gas and electric welding, 
and contains much other information regarding welding practise. 
Chicago Steel & Wire Company, 103rd Street & Torrence Ave- 
nue, Chicago, Il. 

Motion Recorders.—Catalog 1600, 20 pp. Deseribes 
Bristol mechanical motion and electrical operation recorders, 
for automatically recording actual operation, time of operation 
and the extent of mechanical movement. These instruments 
have a-wide range of application, including operations of machin- 
ery, elevators, hoists, conveyors, opening and closing of doors, 
gates, valves, ete. The recorders may be used in connection 
with the Bristol long distance transmitting system, to transmit 
the records from the source of operation to a distant location of 
even several miles, asin the case of sluice gates for turbines. 
The Bristol Company, Waterbury, Conn. 


NOTES OF THE INDUSTRY 


The Johns-Pratt Company, Hartford, Conn., has re- 
moved its New York office to 20 Vesey Street. 


Delta-Star Electric Company, 2400 Block Fulton Street, 
Chicago, has issued a net price list on standardized outdoor 
substations. These prices took effeet October 15 and will re- 
main in foree until March 15, 1926. 

The Crocker-Wheeler Company, Ampere, N. J., an- 
nounces a change in the company name effective November 1, 
1925. The new name of the company will be Crocker-Wheeler 
Electric Manufacturing Company. 

The General Electric Company, has received orders for the 
three months ending September 30 amounting to $73,561,483, 
compared with $58,389,832 for the same quarter in 1924, an 


INSTITUTE AND RELATED ACTIVITIES 


‘8835 Linwood Avenue, Detroit, Michigan. 


‘radio business, including broadeasting. ~ eee 
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inerease of 26 per cent. For the nine months of the ] 
year, orders total $223,876,711, compared with $203 
for the first nine months of 1924, an inerease of 10 per 


Standard Steel & Bearings, Inc., Plainville, 
announces a new line of ball bearings manufactured from 
denum steel. Tests which the company has conducted 
long period indicate that the molybdenum steel balls 
number of advantages over those of chrome alloy 
including increased toughness and breaking strength, 
and more uniform hardness and extraordinary load ¢ai 
capacity. . 

The Westinghouse Electric & Manufacturing Con 
has received an order from the Brooklyn Edison Company 
steam condenser to be operated in conjunction with a 11, 
h. p. generating unit, larger than any other single unit her 
construeted. The condenser and turbine equipment will be mad 
at the South Philadelphia plant, while the generator will | 
delivered from the East Pittsburgh Works, the whole install: 
calling for an outlay of more than one and one-quarter m 
dollars. All the equipment is to be delivered at the Pontes hae ; 
in Brooklyn early next Spring. ~ 


The Imperial Molded Products Corporation, Chic 
has been organized to engage in the manufacture of molded. 
lite for the automotive, electrical and other industries using this. 
product. The new papas is controlled and financed by the 


Paul Tietz, president, James T. Créepisgs secretary and Frank 
MeNellis, treasurer. 4 


The Holtzer-Cabot Electric Company, Becta hase 
has issued a handsomely printed and illustrated pamphletentitled’s 

“Fifty Years,” published in commemoration of the fifti ; 
anniversary of the company. The publication gives the his' 
of the organization, and includes many photographs of 
Company’s operating personnel. Charles William H 
president and founder of the company, has been an Associate 
the A. I. E. E. sinee 1901. 


The Robert June Engineering Management Oriabies 
tion, Detroit, has acquired control of the Electric Flow i" 
Company at Kansas City, Mo., formerly the Hyperbo-Eleetrie : 
Flow Meter Company of Giles: and will henceforth operate — 
the business under its own management with executive offices at 
Robert June be- 
comes president of the company, J. M. Naiman, formerly onoatig 
manager, becomes vice-president, consulting and chief engineer, 
with Major W. W. Burden of the Rober Jame On as 
treasurer. 


| 


Westinghouse Promotions.—At a recent meeting: of ‘the 
directors of the Westinghouse Company, Edward D. Ki pur 
vice-president and general manager of the Westinghouse Electr 
International Company, and Walter S. Rugg, general sales 
manager of the Westinghouse Electric & Manufacturing Com- 
pany, were named vice-presidents of the latter company. 
Messrs. Rugg and Kilburn will take charge respectively of the sp 
engineering and sales activities. Mr. Kilburn, in additi 
his new appointment will retain his duties as vice-pre 
general manager of the Westinghouse Electric In 
Company. Mr. Rugg has been identified with the 
since 1892, and Mr. Kilburn since 1906. Vice-presiden 
Davis, formerly in charge of engineering and man 
activities as applying strictly to the electrical porti 
company’s business, will have direction over the enti 
turing activities of the company, and in addition will 6 


